DOCTTMENT- IDENTIFIER: US 6328885 Bl 
T ITLE : (Zuri ent-ef f icient suppressors 



DEPR: 

The term "packing" refers to stationary f low-thri:)ugh solid 
material disposed in 

a flow channel of the suppressor. It can be a screen or a porous 
monolithic 

matrix, a resin particle bed or other form. It can be strtjngly 
charged, weakly 

charged or of neutral charge, as will be explained. The term 
Slacking is 

alternatively called "bridging means." 
DEPR: 

In the above system, one way to increase current efficiency is 
leave the sample 

stream flC'W channel open without packing or to use packing which 
is L'f neutral 

charge or ot' 1 c-w capacity relative to the pa<rking of high 
capa ?i ty i r^n exchange 

m.-iT-'i: i 1 i tj"ie ion t^i^ceiving fD")w channel and, tor a t:wo 
memti r" a n e s up'pi r e s s o r , 

in the ic'n sc'urce channel. While the above description refers to 
the 

stati'jnary fl ijw- through packing fjf ic-n exchange material in the 
fijrm of a high 

car'acity charged screen, Cither forms of packing may alsc* be 
empDjyed as 

described abc've . Such other packing forms C'f ion exchange 
ma t t:vr 1 a 1 in c 1 ude 

Ijacked beds of ion exchange resin or monolithic materials c-f 
cha ro^'rd material 

with: sufficient i:)orosity for the flow of an agueous liquid streami 
t hr L'Ugh them. . 

The packing m the i<jn receiving channel has a substantially 
h i gher cap'aci ty 



the packing in 
car'a-.-i t ies of the 

packing in the sample stream flc^w channel tC' that in the i(jn 
r tr^ r ^ i V i n '.1 stream 
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flc)w channel is no greater than 

greater than about 

0.7 to 0.5, and more preferably 

CCOR: 
210/198.2 




about 0.9, and preferably no 
nc' greater than about 0.1. 
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DOCUMENT-IDENTIFIER: US 6325976 Bl 

TITLE: Continuous electrolytically regenerated packed bed 

suppressor for ion 

chromatography 



210/198.2 



CCXR: 



ORDL: 

F'etro et al.^ "Molded Monolithic Rod of Macroporous 

F'ljly ( 3 tyrene-iro-divinybenzene ) as a Separation Medium for HPLC of 



F'ol ymer s : " (jn- Column" Precipd tat i(jn -F;edissolut i-jn Chromatography 
as an 

Alternative to Size Exclusion Chrcjmatography of Styrene Oligomers 
an dPolymers" 

Analytical Chemistry, 68 ( 2 ) : 3 1 5-32 1 (Jan. 15, 1996). 
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DC'CUMENT- IDENTIFIER: US 63 0 954 9 Bl 

TITLE: Polynucleotide separations on polymeric separatiiDn 



AF.PL: 

Non-polar polymeric separatic-n media, such as beads or monoliths , 

are suitable 

fc-r chromatographic separation of mixtures of polynucleotides 
when the surfaces 

of the media are unsuh-st ituted or substituted with a hydrocarbon 
gr'oup having 

frc-m C'ne tc- 1,000,000 carbons and when the surfaces are 
s \:b Stan t i a 1 1 y free f r c^m 

mu:ivalent cati-jn L-c^nt ammation . The polymeric media prc^vide 
e 1 1 I c 1 ent 

sec'ar at i CTi of pnji ynucl eot ides using Matched Ion I'C' lynuc lecitide 
Ch rr:ma tc-graphy . 

Methods for maintaining and storing the polymeric media include 
t rea tment wi th 

mu 1 r. i va 1 ent cat ion rrinding agents . 
P S E'P : 

r, v.- ^: r i v-^n ^ 1 ' " ■ n is di r ^=^-:^ t e^i l.ri the separati'''n '"^f 
pol ynucd e'i't ides using 

n:-n-p":dar separati-jn surfaces, such as the surfaces of cnjlymeric 
teaiis an'ii 

surfaces within molded monoliths , which are substantially free 
f r-i'm 

c 0 a m i r . a t i ■ : ■ n w i t, h multivalent c a t i ■ j n s . 
PoE'P: 

Ari I'thet 'jt'je-r.t of tne present invention is to p'ri'VKie a meth'j'ii 
t-: r sep^ar at i ng 

t".' 1 vnu.:;i ec't idee casing nonporijus pcdymer separation m.edia, su::h as 
i:---aos or 

monoliths {e.g., roiiis), having non- reactive, ncin-pnDlar surfaces. 



whi:-h are 

s :iu^_ t ai"^ 1 1 al J y tree r rcmi cent am ma r. i -on wi tn mui ti v a i cut 
an:i e luting the 

mixti,:re of p)olynucle':'tides . The p)ref erred surfaces are 
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nc'n-polar surfaces can be enclosed in a column. In the preferred 
eiiLt'Cidiiuent , 

precautions are taken during the production of the medium so that 
it is 

bubs LdnLidlly free (jf multivalent cation contaminants and the 
meidium is 

treated, for example by an acid wash treatment and/c-r treatment 
wich 

multivalent catic-n binding agent, zo remove any residual surface 
metal 

cc-ntaminants . The preferred sep-aration medium is characterized 
k-y having a f^NA 

Separati'jn Factci- (ilefined hereinbelow) C'f at least 0.05. The 
p r e f erred 

separati'i'n meaium is alsc- characterized k-y having a Mutati'jn 
S eparat i'jn Fac t':'r 

i as defined hereinbelC'W) of at le.ast 0.1. In the ^'referred 
e mC) o d i. m e r : t , t h e 

separati'jn is made k)y Matched Ic^n PC'lynucleot ide Chromat.i'graiihy 
(KIPC, as 

defined hereinbelow) . Examples of non-polar surfaces include the 
surfaces of 

rC'byTTier kneads ^nd the surfa^i^es of interstitial sp'^c-^s within a 
c^.;dymer ic 

monolith . Th-E- -^luti^n stC'p piref-Erakly uses a mijkile pihase 
L'^'Uta in ing a 

■:-':'Unter i':'n aaent an'! a water-soiutde oraanic solvent. Examp)les 
: f a sui- -kd e 

r jan i c sc^ 1 venr i nc ] u ie .-.1 cc'ho 1 , n 1 1 r i le , dim.e thy 1 f ■jrmam.j de , 
tetrahydro f uran, 

ester, ether, and mixtures of c-ne or more thereof, e.g., 
methancd , ethan-jl, 

i - preplan':- 1 , 1 -ptr jpan-j 1 , te t rahydrc- f uran, ethyl acetate, 
:^ ::e^c-n i :. r i le. The m^st 

P're fer r^":i i-rgani:: s-jlvenr, is acet<jni tr ile . The cC'Unteri:>n agent 
: s pir-' f-^rari 1 y 

selecte'i frc-m the gr-jup^ ^:-jnsistina of lower alkyl pu^imary amiine, 
l-jwer alkyl 

c^::'jna5iry imiiLe, Iciwer al^yi termary amine, ic-wer- 
1 I" 1 a 1 k y amm^' n i um salt, 

, y ] t- a^vr\ ^ y 'j ^nirr''"'r' i 1 im ^- ^ t - =^ H tt! j v "t" ^ ^ r ^ '^i^"' *^ r> ^ ty, >- f_j ^ ■ o o f 

'vjn- 1i:tli tin :i 



J TTi m " i T'l 1 



n ! ! ! L ; : ■ I I 



pyc idi na uma:"iLiihjn 1 um ac-^ta t^', cyclc^nexylammc'nium acetate , 

■:: c e z a t. e , p) r 'jpi y I e t . li y 1 ammo n i um a c e t a t o , p r op) y 1 d i e t h y 1 amm^'i n i um 
acetate, 

but yl ethyl ammc'nium acetate, methylhexylamrn'Onium acetate. 
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tetramethyl ammonium 

acetate, tet rapropylammonium acetate, tet rabutylammonium acetate, 
dimethydiethylammonium. acetate, triethylammonium acetate, 
tr ip ropy 1 ammonium 

acetate, t rihut ylammonium acetate, tetraethylanimonium acetdte, 
tetrapropylammonium acetate, tetrabutylammc-nium acetate, and 
mixtures C'f any 

one or more of the above. The counterion agent includes an 
anion, e.g., 

ac-etate, carbonate, bicarbonate, phosphate, sulfate, nitrate, 
prc'pionate , 

formate, chloride, perchlorate, or bromide. The mijst preferred 
counterion 

agent is triethylammonium acetate or triethylammC'nium 

hexaf luo r^is^jp ropyl 

alcohol. 

BSFR: 

In yet another embodiment, the invention is a method for 
separating a mixture 

of polynucleotides comprising flowing a mixture of 
polynucleotides having up to 

15-00 t^ase pairs thr=jugh a polymeric monolith, and separating the 
m]:-:ture ot 

^'■j ] ynuc' 1 e 1 1 de 3 usmcf MI PC. In this emibiC'drmLent , the nc-n~pL'lar 
separ at ic-n 

surfaces are the surfaces of interstitial spaces of a polymeric 
monolith . An 

example ot such a monolith is a polym.eric rod prep^ared within the 
C'jn fines of a 

chr-jmat'l'graphic cc^lumn. The monolith of the invention is 
criar acteru zed by 

havincf a E^NA Separatiijn Factor C'f at least 0.05. In a p^referred 
em;!' i-ci ment , 

th- monolith is characterized by having 3 DMA SeparaticTi Factor 
ij L at least 

C' . 0 . The monolith is preferably characterized by having a 
M i t". a t i C) n S e p a r a t i > j n 

F^'-'t'-'r '^f at least 0.1. The mobile phase used in the separation 
P'ref er Sibl y 



c i.r^et hyl f : rmaiiLi de , t e t rahydr :'f ur an, ester, ether, ^ind m i xt u rr^s 

Ex:imples :f suitaijle solvents include meLhan-jl, •^'Lhanol, 

]-pr>jpanr)] , tetrahydrofuran, ethyl acetate, acet-'in i t r i 1 e , and 
m 1 X t: u r e s t n e r e o r . 

Tli';' mc'St. p*referre-'l orcfanic sc^lvent is acetoni t ri 1 e . The m.obile 
phase 

y , >^ , ."1 > ■ -1 V . 1 w S T 1 -H c o /~m i +- .-^ "v^ -i ,'^ r-f r-\ +- o i i ^ 'hi o 1 t.j "k- Y-,y^irr\^y^\T 
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sei::ondary and 

tertiary amines, and lower trial ky ammonium salts, or quaternary 
ammonium salts. 

Mc're specifically/ the counterion agent can tie c-ct ylammonium 
acetate, 

C'C tddiTTLethylammcaiium acetate, decyl ammonium acetate , 
•jctadecyl ammonium acetate, 

pyr idiniumammijnium acetate, cyclohexyl ammonium ace Late , 
di ethyl ammonium 

acetate, prop-yl ethyl ammonium acetate, propyldiethy lammcTiium 
acetate, 

buty lethylanLmonium acetate , me t hy 1 hex yl ammonium acetate , 
t e t r ame t h y 1 amiru n i um 

a.:-e t a t e , t et rae thyla^ionium acetate , tet rapr op yl ammonium acetate, 
r. e 1. 1 a b u t y 1 amuTLij n i um. acetate, li ime t h y d i e t h y 1 ammo n i um a c e t a t e , 
t. r i e t h: y 1 ammc' n i um 

acetate, t r ip)ropylamm'jnium acetate, tr it'Utyl amm<jnium acetate, 
tet raprc'pylamrri'jnium acetate , tetrat'Utyl ammonium acetate, and 
mixtures of any 

'jne or mc-re jf the ab'jve . The counteric^n agent includes an 
anion, e.g., 

acetate, cartc^nate, kdcarbonate, ph<jsphate, sulfate, nitrate, 
pr 'I'Ti i r.na: e , 

I annate, irhlcr iiio, perchli:irate, and bromide. H^jwever, the miCiSt 
'rC'Unter ic-n agent is t riethylammc-nium acetate, 
r S ?F. : 

In tne preferred emibe-liment , precautions are taken liuring the 
r'roducti«?n of the 

p-:d ymer i 'i: monolith sc^ that it is substantially free of 
z\:u 1. 1 i va 1 en t ca t i on 
' nt ami nant s and the monolith is treated, for examrde, by an acid 

1 r e 5: tn--'nt , tc- remove any residual surface nietal contaminants. In 

eiiij : diment , the monolith is character ized t^y having a l^NA 
:: ■:■ p i r t i F'-c": r~7Tf 

■^L le.ast C.Ot. In a preferred embodiment:, the monolith is 
■. h.^r i::eri joy ~ 

I' ^ ]^ ^ r ' ' 

... ^ ^ ^ - . . ■ . ^ ' monol i th \ :^ ' - - ■ 1 \ t "C ' : n e - ^ ^ c , r , 



V'-jiOX^O'l 'J f at i'z'ai 



1 [ V di i'. 



, til'- i:>re3erit invention is ^ meth^rid for i":reating 
the n-jn-prjlar 

surfa.::e 'if a jCiC'lymer ic mediumi use*! fc^r separating polynuleot ides 
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such as the 

surface c-f beads in a MIPC column or the interstitial spaces in a 
pc'lymeric 

monolith,- in r.rder to improve the resolution of p'olynucleotides, 
such as dsDNA, 

sef'arated on said surface. This treatment includes contacting 
the surface with 

a solutiC'n containing a multivalent cation binding agent. In a 
preferred 

en:l:-:'diment , the solution has a temperature C'f about 50.de<^ree. 
C . 

. degree . C. An example of this treatment includes flijwing a 
5': lut ion 

■:.'':TLta in ing a multivalent cation kdnding agent thrciugh a MIPC 
CO I '.imn, whei ein 

r.he soluticTi has a temperature of about 5^0. degree. C. t'j 
90. degree. C. The 

preferred temperature is about 7 0. degree. C. to SO. degree. C. 
In a preferred 

embo^diment , the multivalent catic-n binding agent is a 
c 'j'j r d i n a t i on c o mp o un d ^ 

examples of whicii include water-soluble chelating agents and 

I!" Vv Tl P t ^ ■~" 

Spe'id fio exanif'les in„":lude acetylacetone, alizarin, alumin.jn, 
::n i .an i 1 i ■:■ ::: i d, 

k.jiic acid, m.i-rin, rhodizc-nic acid, thi<jnalide, tniciures:, 
. a Ipiha . - furl Idi'jxime, 

rii'i'X ime, sal i cy lal doxime, dimethylglyc^xime, . alpha . - fur i Idicixime, 
cup'f er r ijn, 

. al p'ha . -ni t. ro~o - . t-eta . -naphthijl , ni trosci-F.-sal t , 

i P' h e n y 1 1 h i I J c a r b a z c ■ ri , 
■iiphenylcarbazc'ne, eriochrome black T, PAN, SPADNS, 
g 1 yoxa 1 - 1) i s ( 2 "hydrc'xyani 1 ) , 

n:urex i le , . a Ipha . -t'OnZ'jinc'X ime, mande lie acid, anthrani 1 i z a ::id/ 

hy leneci ami ne , g 1 ycine , t r i amin^.t r i ethylamine , thional i de , 
t: r i e thyl enete t r' amine , etiiylen^-diamine te traacet i '.^ ao i d {EDTA} , 
m-'*: filp-hthal em, 

:;rc:ni: -.ci'ie, .alpha., . alpiha . ' -tdpyr iiiine, 
4 - ]'l y d r ■ I' x yYjo n z ■ :■ c h i a z o 1 e , 

ina Idine, 8-hydr'jxyquinoline, 1 , 1 0-phenanthrc) 1 me. 



■:-nyar ^xyq\ 



1 . olpha . , . 3 Iph; ^ . * , . a 1 p>ha . " - 1-- r py r idy 1. , 



i - _:xi': r - 1 , -i: - i ::x; i cap^. a ; . zi^'wr , th: . 1 , ' ■ dr^^'-.n--n ^h i a z-'d e , 
r .1 ^-^an i a^^ i ^i, 

■:^x 5i I ic a-::ia, ^- ium ii-itnyi'in. ZAiiL^oaLhai'i^'cxn.Ci r. ^.f and z it-^ 

dix^-nz y I Ji t ^1 i a rt^amate . Hc^v/^vpr, the most p)ref erred chelating 

agent is EDTA. 

In this aspe-^t of the invention, the sciluti'Dn pireferably m.:ludes 
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an organic 

Sijlvent as exemplified by alcohol, trile, dimethyof ormamide, 
tetr ahydrof uran, 

ester; ether, and mixtures there<jf. Examples of suitable 
solvents include 

methanol, ethani^l, 2-p'ropanot, 1 -ropanol, tetrahydrof uran, ethyl 
acetate, 

acetonitrile, and mixtures thereof. he mc'St p-ref erred organic 
S'llverit is 

ace t'jnitr i le . In one embodiment, the soluti-jn can include a 
count er L'jn agent 

such as lower primary, secondary and tertiary amines, and lower 
t r i a 1 k y amiTLC'n 1 um 

3^ Its, or quaternary ammc^nium salts. M^jre specifically, the 
C':'Un:.-ri'jn agent 

:an t-e oct yl ammonium acet ate, octadimethyl ammonium air^et a te , 
de y 1 amm'i' n i um 

ace cat e, C'cra-lecylammc^nium acetate , p-yr idiniumammonium acetate, 
eye Ic'hexyl amm-jnium acetate , diethylammonium acetate , 
p r y 1 e thy 1 ammc-n ium 

acetate , prii-py Idiethy laminonium acetate , t-utyl ethyl ammonium 
i e t a t e , 

methyl r.exy 1 anim-jniumL acet; ate, t e t ramethy lairanc.n i um acetate, 
t e t r a e t h y 1 amjTL. jn i umi 

1..;.: ■ : , t :■ t. r v;r^ r jpy 1 ^mmr^nium a':;etate, tetrat^utylamm-'nium acetate, 
clime thydi ethyl ammonium acetate, tr iethylammonium acetate, 
t r i p r L'p y 1 aiimvon i Uul 

a :"e t a te , t r itiu t y lammiC'nium acetate , tetrapr-jf^y lammonium acetate , 
te t rabut ylamiTL'jnium acetate, and m^ixtures of any one or more of 
the atiC'Ve. The 

junter i'jn agent includes an ani'jn, e.g., acetate, caroicinate, 
kdc^rlj.i'nate, 

P'T: ispiha te , sul f ate, ni trate, propionate, formate, ch 1 iiii i de , 
r.^r o-hl-rate, and 

L'l 'MTLi ^i-^- . HC'Wever, the mc^st firef erred counter i'l-n agent i s 
trie t Iny 1 amiTKon i um 



t, the invent iC'n pirc-vides a metnoiii f(jt: 

1 ynuc 1 O'? 1 1 , e.g., tne beaas ^ji a i^Ir^^ 

t' ") 1 ym-^ r i monolith , m ^jider to imprr:ve tn- l ^ -^j i t ^ .^.n m .^„^o^ ...... 

.1 L I an - 1- :i l~ 

fragments separated using the medium. In the case C'£ a MlbJ 
^•jlumn, th^ 

[-'I o L^i [ ■] inethc^:.! includes flowing a soluticjn c-jntamincf a 
n I u 1 1 i v a 1 e n t :^ a t i ■ j n 

h'lnding ag^nt thrc^ugh the cc'lum.n prior to storing the column. In 
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a preferred 

embodiment, the multivalent cation binding agent is a 

ccioidi nation compc^und, 

examples of which include water-soluble chelating agents and 
crown ethers . 

^pei'ific examples include acetylacetone, alizarin, aluminon, 
chl'jrani 1 ic acid, 

kojic acid, morin, rhodizonic acid, thionalide, thiourea, 
. a If'ha . -f urildi oxime, 

nioxime, salicylaldoxime, dimethy Igl yoxime , . alpha . - f urildi oxime, 
cup f errC'U, 

. a Ipha . -nitroso- .beta . -naphthol, nitrosc'-R-sal t , 
di phenyl thioc arbazc-ne , 

dipheny h^arbazone, eriochrome black T, E*7\N, SPAE^NS, 
^1 y.:.xal-r*is ( 2 -hyriicivyani 1 ) , 

xur oxide, a-t-enzc' inC'X ime, mandel ic acid, anthranilic acid, 
^z't. hylenedi amine, 

g.l yc Lne, t r i amino triethylamine, thionalide, triethy lenetetramine, 
EDTA, 

met alphthalem, ars^inic acids, .alpha., . alpha -bipyridine, 

4-hydr.jxybenzC'thiazole , S-hydrc-xyquinaldine , &-hydroxyquinol ine, 

1, 1 ;j-phenant:hrol ine, picolinic acid, quinaldic acid, 

. a Ipha . , , a Ipi'i a . * , . a Ipha . " - terpyr idyl , 

'-'-methyl -2 , :'■ , 7-f.r ihydr^jxy- 6- f luC'rc^ne , 

:: y r : r ^ " "'^ 1 . ;^ 1 :! v'v 1 L-v acid, i r :n, 

4 -^'n I'j r-:' - 1 , 2 - a ime r capt lii-enzene , di rhiij 1 , 

merca^it-jtienz'.:' thiaz'j 1 e, rubeanic: aciid, c-xali c aci d, S'jdiumi 
:ii e t2ny b:li thi'j'Carbark) amate , and z inc dibenzy Idithioizarbama te . 
Hv'Wrrver, the mijst 

preferred chelating agent is EDTA, In this aspect of. the 
i nvent. i-jn, tlie 

S';duti-jn p-referat'ly includes an organic solvent as exemplified by 
a 1 cohols, 

i. t. r i 1 e s , d i m e t h y 1 f ■ :> r m amd d e , t e ^ r a h y d r cd" u r a n , esters , and e t n e r s . 
Th" m.'^'S^ 

li'ref erred ■ji^iani': s^i^lvent is icetc^n i t r i 1 e . The scdu:, i-jn ::an also 
iri': 1 u<ie a 

junteric'n agent such as Ic'wer p^rimary, 3ec:'jnilary an'l tertiary 
i nes , an^i 

h"'W-^r rri a 1 kyanmaijnium. salts, er quaternary ammonium exalts. More 
^0-: xn " r L avi^n^ '-^^i^' he c:m:: t:y lammccium ,:ijet..di.e, 



a 1 .1 L , ■a*e''::y i -rimmcin I urn .^iceLciL^^ o ,1..^..^. - * ■ , 

5i?>^tate, cy<:lC'hexylamm':>nium acetate, die thyianime'nr aiu a^etn^ e^, 
p ixp'y 1 etnyi am:iL-jn i. uLh a ^^z: t o t o , p r : pyi ii -?"^hy ^ r^mTriDr i um a ::e t a t e , 
o :_: t Y le*:h y 1 ^ m.m-*' n 1 im 

a e t a t e , me t h y 1 h e x y i ammc^ n i um acetdte, tetr ame t n y 1 ami:^/:) n i uili 
ac.;:tate, 

t r i z r a e t h y 1 a nau ... > I'l i um a :: e t a t e , t e t r a p r o p y 1 a mmc^ n i um acetate, 
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tet rabut ylamiuC'nium 

acetate , dime thydi ethyl ammonium acetate , tri ethyl ammonium 
acetat e, 

t r iprC'P'yl ammonium acetate, t r ibutylammonium acetate ^ 
t e t r ap r op y 1 anLmc'n i um 

acetate, tet rat-utyl ammonium acetate, and mixtures of any one or 
mc're c-f the 

ai'ove. The cc-unterion agent includes an anion, e.g., acetate, 
■::5irbc>nate, 

bi cartHjnate, phosphate, sulfate, nitrate, prc>pic'na t e , fc^rmate, 
chl or ide , 

perchlorate, and bromide. However, the most preferred ccunterion 
a^rent is 

" r io : h */ 1 aiTOTLC- n i um a c e t a t e . 
l^K^'R : 

The medium can be encbjsed in a cc'lumn. In c-ne emtiodim'e'nt , the 
n-jn-p.j 1 ar 

surf aces cc-mprise the surfaces of polymeric l:)eads . In an 
al ternat ive 

emiiodiment , the surfaces comprise the surfaces c-f interstitial 
sriaces in a 

m.jb:iei polymeric monolith . For purposes of simpdi tying the 
■les :-ript I L'n -'f the 

1 .--nt 1 'J.. ^i\o n:^t by wELy limi ration, the sep^aration T^f 
p.'l ynu^:;.lec't ides using 

n-jnr'or'i'Us beads, and the prepiarat ion of such beads, will t'e 
p r 1 ma r i 1 y de s c r i Ij o d 

ner^in, it fieing understood that other separati^-'U surfa::'r^5, such 
as t.he 

interstitial surfa'::e3 ot pijl]yTner ic monoliths , are intended to be 

1 n 1 ;„. :ied 

within th^r s :"'jpe c-f this inventicTi. Monoliths such aS r^jos 
c-:'nt a in pC' 1 ymer 

SOL' a r a 1 1 lU':- di a wl:ich have been formed inside a ccilumn a^:- a 
ur. 1 1 ary s t ructure 

havinci thr-jugh pcro^ or interstitial spaces which allcav eiuting 



ar. ^hyt-i' to }:'ass thr:'Ugh and which provide the n^-n-polar 
at i^jn .:uid ac^=' . 



t i-'iwi jf a .1 j'lTi-r 1 monoli th - ii ao i l u ^ic monolithic 

monolithic ::':lumn is pi^a 1 ymer i zed -ji tormea as a trLi-^l- -yiO.^ 

ide ^:>t a tur-:e a;^ 
d'='Scritied m tiie ExamLpiles hereinbelow. The thr-'jugh p^ore c^r 
mterst i tial spaces 
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provide for the passage of eluting sc'lvent and analyte materials. 
The 

separatiL'H is perfijrmed c^n the static-nary surface. The surface 
can t'e P'r-rc^us, 

kiut is pi-eferably riLonp'orc'Us . The form and functic^n c-f the 
sep'arat i ons are 

i'ientical tc- columns packed with bea'is . As with k-eads, the pores 
contained in 

the rod must k^e comr^at ik' Le with DNA and not trap the material. 
Alsc', the rc'd 

must not contain ccTitamination that will trap^ E'NA. 



The mcdiiei pi:dym^?ric rc'd of the present invention is prep^ared by 
kulo fre-: 

radical p'j] ymer i zat ioz~: within the cc^nfines C'f a chnjmatiograp'hi c 
C'j 1 umn . The 

base p'-i'lymer of the rod can be pr^jduced from a variety of 
p-j i ymer i zable 

ni'i.nomei s. For example , the monolithic rod can be made fi om 
p-: l ymers , in*:' lading 

n.cn^:- anvi di-vinyl substituted ai-'jmatic cc-mpounds su^r.h as 
c I yi e:":e ; suk s t i t.\:t 

- t yren-s , a Ipl.a-subst i tuted styrenes ani:i c,i vinylk'en^^ne; 



TT-et}":ac:ry 1 a tes ; p<:d y'-i le f i ns such as polyprc'pylene and 
p-:' Lyethy lene ; p-:- lyosters ; 

p-:' I yur ethanes ; p-:J.yamides ; po 1 ycarb^Tiates ; an i sukist i tut^jd 
P"j I'ymers in'::l uding 

flu'jrc'subs t i tuted ethylenes commonly known under the trademark 
TEP^^hON. The 

k'is- pi'jlymer ^'^n als-o be mixtures of ptod yiners , nc>ri-l imi t ing 
•^xamp' 1 OS J f wn i ch 

I n':"iuae o jly i Ltl y'::i'iyl me thacrylate- r.^^-ethy lene dime tha^rr y 1 ate ) / 
po 1 y ( s t ■_^^ren^?- ii v:.ny Ik^enzene ) and 

p-:' i y ( etny 1 vmylb^nzene-divinylbenzene . The 

rj'i .zan ho unsuk si tuted or substituted with a substituent such as 
a t y-i T'"' "'a rr)':'n 

alrzyl or ari aryl gr'Uip). The alkyl <:[roupi ■zp)ti-jnilly hac 1 to 

...o- ... . t "z rrzn-'h''"^ "^■ai^i, r^^^.o irciu^ies strciiant 

: : '. " •■ ■ ■ -■ . . ^ , . u r " 1 , ^ f ■• , K ^ t ] rv, 1 z 

f u:";' :t. i-zriaJ. gr- :^up^z. f 

vz J z z^'':;^r iiiii . ii,.^..^ -h. ..0. oooo-:: , Z"'^- z^^, ^ r , -^h-'^r, ^^kvl 
arz^ips, and t'rie 

lize, and tTie ^iryi grzupis m-^lud-o ^.j- monzzy:zliz, zy'"^^ ^ '"n •^^''^d 
I ' T i y o 1 z -z 

arzmatic hylrozarb'zn groups including phenyl, naphthyl, arid the 

I I k . T n a 
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preferred embC'diment , the alkyl group has 1-24 carbons. In a 
iriC're pre f erred 

embodiment, the alkyl gnjup has 1-8 carbons. The subst i tutifjn 
can also crintain 

hydr^jxy, cyano, nitro gr-jups, or the like which are considered to 
he nr r:-priiar , 

reverse phase functional groups. Methods for hyiirc'ca rb(jn 
subs ti tut i(jn are 

ccTiVent i'jnal and well-kn^jwn in the art and are not an aspect C'f 
t h i s invent icTi . 

The pr epiarat i L^n cf polymeric monoliths is by cc^nvent i-jnal methods 
well known in 

the art as describeti in the following references: Wang et al. (J 
C'nrijmat.'jg . A 

*:y9:2}. ij (1994;), F'errc et al . (Ana. Chem. 68:.:^1:) (199o)), ar.d 
the f 1 jwi r.'j 

U.S. Pat. Nl'S. 5,3::4,}:10; 5,4:i3,185; 522,994 [to Frecne:.!. 
Monolith C' r 

r^'d ccdumns are commiercial 1 y available fc'rm Merck Co 
( Eia im.st adt , Germany) . 

A 'i-hrv.ma tC ':rraf'hy tuhio Ln which the monolith p^C' i ymiC r i i' ser'aration 
m- i 1 cm i s 

rc-p.^: t e.:i i.o .u^a- ct.:.inles3 st-^='l. Th-^ m^aj-'mers, styrene 
( 2 i ':rma--Al':lr i. ch 

Tr-z'mi ral CC'Ttj.) an:i divinylbenzene (Dc'W Chemdcal C'jrp.) are ■:lr-ied 
vol 

m.a-:(nesium sulfate and distilled under vacuum.. 
L)EE'R: 

F-jllC'Wing p'jl ymer izat ion, the rutiber plugs are repd aced k)y C':)lumn 
en :i f i 1 1 i ngs 

irci the C'i'lumn is ':.:'jnnected to an HPLC system. Tne HPL'2 
I r.s t: r. .jTi-^'n:. i. 

b;iv;-rirescure mixing quaternary gradient capability. A '^'arrri Ige 
M :fuard 

: : 1 \:mLn : nr i riina -hn i mi nridiaceta te multivalent catic'n -r.ap'Cure 
r--si:: is td-c-jd 

m lin-j '::^ez>JO'jn the ^^'-'lumn and the mobile p-hase se-urce res^^rvoir. 

L s t n-: v; - : i r>y r" 1 gv; in i 9 : 



r-f ^e^.r ^hvdr^->rurari ( THP) 



•~h- lUTT- r--) r^^'iiioc-' t.he dole::y_L di-jonoi ai 
jr .. c; t m J 



The non-piolar, -ji gani.:: p:)lymer monolith column is washei tjy 
f 1 rjwi na 
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tetrahydrof uran through the coluinn at a flow rate of 2 mL per 
minute for 10 

minutes followed by flC'Wmg methanol through the otjlumn at 2 mL 
per uiinuto fc^r 

10 minutes. The non-pc'lar, organic polymer monolith coluuin is 
washed further 

t^y flijwing a mixture containing 100 mL of tetrahydrof uran and 100 
mL C'f 

C'jncent rated hydrochlor i<3 acid through the column at 10 mL per 
minute for 

m.inutes. Following this acid treatment, the non-polar, organic 
p^jlymer 

monolith cc-lumn is washed k^y flowing tetrahydrof uran/ water (1:1) 
through the 

C'llumn at 1 mL per minute until neutral (pH 7) . 
r>EPR: 

Ariy dC'Uble bc-nds remaining on the surface of the monolith column 
prepared in 

Example 9 are reacted with bromine as described in Example 7. 

Pr ep^ar-at i jn ^'f a NC'n-Polar ijrgam r: Polymer Monolith 
i^'r. I- - miHit jgr" apliy Co 1 1 :mn 

r.EF'C: 

P rcanina t i'jn cif P.emaining Double Bonds on the Surface of Non-Polar 
0 T'lf^ini c 

t'llymer Monolith C column 
E:EP':: 

Nitrati'i-n -jf a Nc^n-PC'lar Organic Polymer Monolith Column 

i-^'XP: 
210/198.2 

OPPL: 

Nak'^nisha. et ai. D'l'ulde Pui-- Silica Gel Monolith At-plied to 
Li q\:id 

: " c f:C: -^r -:phy , ■. "^^C -Gel Science & Technoln»gy, V''.l. 6, pp. 



'r : .... ^r_. , M 1 v-i Monolithid Rod ^f Macr-^iphrDUS 
r ■:.) 1 y ( Sy t rene-Co-i)ivinylbeiizene ) as a Sepdr iit i on Mooium i--: r HLv" 
SyntnLrc 

P-lymer . . . , Analytical '::hemistry, 68: S15-:s21 ■1996). 



12/18/2001, EAST Version: 1.02.0008 



DOCITMENT-IDENTIFIER: US 6296771 Bl 

TITLE: Parallel high-performance liquid chromatography with 
ser ial inj ection 



BS PF' ; 

Gel permeatiC'R chrc^matography (GE'C) , a well-known fc^rm of size 
exclusion 

chromatography (SEC) , is a frequently-employed chromatographic 
technique f c-r 

separatiijn -i-f samples generally, and fijr polymer size 
'iet. erminati'i n p-art i cular . 

An-jr.her 'jhrc-mat c^grap^hic separatlC'T: approach is illustrateii tiy 
U.i-. Pat. Nr.. 

, 3 1 0 t'j Frechet et al. and invcdves the use C'f a P'CtrC'US 
monolithic 

s tat ic'nary-p'hase as a sep^aration medium within the 

h r c-ma t C' g r aph i c CC' 1 umn , 
combined with a mo>bi le-phase compositicTi gradient. (Dther 
5 P' a r a t i ij n a p > p > r a c h e s 

arc- als'i' kn^'wn in the art, inducing fc^r exampile, ncirma i-phase 

^'i pi L I'jn I ^iin:.:. c ^raphy and r-'ve rse-pihase chrc^^T^it':■gr ^^P'hy , 

hy'ir ijp'hC'tiic 

i nt eract ion >:'hrc>matography , hydr-jphil ir: interact! 'i^n 
r ■ : m a t ■ : ■ g r a p' h: 'y' / 

i :::n-exchange L'nr 'DmaL-jgraphy , a f f ini ty rhrom.atcigraphy , amc.nig 
I'thers. 

OEPR: 

The chr :-mat': -^rrap'hic ::olumn 102 (o^r a series of cc'lumns in (jne or 
m: re 'j f the 

■iT.r -imat : -.ir ap'h i :• ::hannels) further i':::)mpr ises a sepiaratic^n medium 
h3\^in':r s 

s: a:, iijnary-p'hase within the separatic^n cavity. The separatiijn 
'\ 1 " im ^. n 

:::':'n5ist ^E-ssent i al 1 y '")f a stationary-phase cir can aisc' iri'.l..dc, i 
a :i :i : t ion 

L..:..-::! -"w, : ^ : ^t- ^ ~ : :^ ^ r' y oH^s^. The c^jlumn 

] . li E' -in 1 s 

r - ^ pnr i r.n ar^'i/ 'jr t o r 

i : L t e r 1 1\ :r ; , irci v ^ j: i i^^C^^iiU^. :C.c fc;"."c^-— ' -nn r.':r)r i a ^ f^~^r 

ij i: -:'i:'a r in :r ar: i/ T^r 

nLiintaining trie c:d...nin ror its mteiidtrd cippd : ca ti jn . 7^h- 
par' L 1 'Z u 1 "> 1 ^- e t » a i a t r ^ n 

medium tC' be empl'^yed as the stationary-phase is not critical, 
ani will 
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typically depend on the separatic^n strategy for the particular 
chemistry of the 

pcdymer samples of interest, as well as on the desired detection, 
samp'le- thrC'Ughput and/ or information qua Lity . Typical 
Stat i'jnary- phase media 

can be a bed of p^acked beads, fibers, irregular or other 
shaped-particles, or a 

monolithic m.edium (typically greater than about 5 miri in 
thickness), each of 

which can t-e characterized and optimized for a particular 
separat iC'n strategy 

with respect to the material, size, shape, pore size, pore size 
di s tr ih'Ut i on, 

surfa':*e ar^:'a, s^dvent regain, bed hc^mogeneity (f'jr p'acked 
snif^O'l-p arr. 1 cles ) , 

1 ner ::nes s , tmjI a r i t y , hy(jr jphc-bi cit y , chemical s t. abi lity, 
me ch an i c a 1 s t at' i 1 i t y 

and S':dvent permeability, am-jng ijther factors. Generally 
preferred 

Stat i'jnary-phase include petrous meidia (e.g., por-jus beads, porous 
monoliths ) , 





n i 5 


are suitable fc-r gel permeatiC'n chromat': 


graphy ( 


GPC) , 


pro 

T I'i s 


c I p i 


r a t i n - r e d i s s o 1 u "C i o n c. h r oma t o g r aph y , n o rma 1 - rbi a s e 

■i ,-,-r. ] 


(e.g 


chr 


'jma L 


O'Jii ^pfiy ar.o l ^v^u s-r-phaL j :'h:r o^ia t --ni raphy , 




C)b i c 


i r.r. 


e r a 












C'grap'hy , hydrophil ic interacti'jn chrc>m.a t^: 


grap'hy , 








hanae 








cmat 


'jgraphy , a f f ini ty chrc-mac^jgraphy , amiicng c 


thers . 




Men 


-p::'r 


ous p'ai t ic:ies c r 






eniri 


ry c 


o lumns and/ or capi 1 1 ardes with adsc-rpt ive 


walls 


an be 


''l! 


o as 


we 1 1 . 1 f 






T'Oa 


OS a 


re emp)l:'yei, sr^herical treads are cireferr^. 


d cjver ■: 


ther 



snajC'es . 

^■ar 1. 1 ^'U bs r i y ruef:errcd s t itic-nary-phase media f'^r pcdymer 
char a^::ter izat i or: 

app 1 i cat I'jns are discl-jsed in greater derail bel^jw, tiUt ::an 



1 .1 :io 

■So- linked p-jlymeric resins (e.g, 
hyoL jxyp^r ^pylmethacr ylate) , pol y ( hydr^jxy ethyl 
m-^t- hacr y 1 a t 'i: ; , dua 

'n-^rir codvmeis snoh ab |li 1 v ( s t y r -^Tie-di ^.m n v 1 b^^f^nzene i ; 



oonoi ciiiy 
s i li.::a, crc* 
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DOCUMENT- IDENTIFIER: US 6290909 Bl 

TITLE: Samp'le injector for high pressure liquid chromatography 



E'Er R : 

A sample injector A is also connected to common junction 335) 
t'Otween 

h ydrijstatic pressure sC'Urce 310 and HPLC column 320. The 
injei::tor is cc-mprised 

rA at least two elements such as 34 0 and 3 50. Each element 
C'i'mp rises a 

■-•onz amer having an inlet and cutlet end and filleii with a 
ci 1 e I e c trie ma t c- rial 

f'jrm a porc-us t^ed within the C'^ntainer. Ccintainers can 
in.r.lude any 

'^fe'jmetric configuration capable ijf ccintaining the p-jrcnjs t)ed of 
di electric 

material, such as capullary tut-es, and capable of withstanding 
P'ressures of up 

t J al: :>ut O'"''^' p'si. Also included are mi cr-jchanne 1 s fabriL:ated 
'T'n a substrat^r' 

r-r:Y. aS these des^::r ir-e'i t^y I'aul ot al. in u . :f , F'at . Nc s . 
c , 0 13, 1 G4 an-:l 

6,019,3::2 ani t^y Arncd d in pri'jr ■■::o-pieni:ling U.S. piatent 
app 1 i ca t iC'n Ser . No . 

3:^.M04, '^4 5, filed Sep. 9, 1999, n-wU.S. Pat. No. 6, 21 0, 936, 
enti t led 

"Mi L-r-jf luidic Channel Fat^ricat ion Method" assi gned to the same 
ass i Lfnee . 

Ele.n:Lents 340 and :ijO are c-:)nnected t'jgether in series 

a 

■3. The iielectric material fillinu each 



c : nf igur at with 
c enmi-: n j uncr i on 

r " T: ^ i 1 T: "-^ r 1 S 

sc-le:-ted sc as r:o minimize any cn r-oTTLa::(jgr dphi c: sopar a'r ir,^^ f :_rie 
sampde and can 

O'T any non-pi.jr ■_ us mat-jrial, kn^^wn tc^ thjse skilled in tne art, 
useci tc t'arni a 

' 'T^'] '' lj.:.:d. By way ~'f exiimrde, the lielectric: nLatenal 

'•"'-■^-^ ^ ~ 1 in.::::ate_: nn- i nonp silica, glass, -r piu.ymci 

monol 1 thi c -'^'/m--'r- m^^^ri^l. Further, the a i e i o :: :,r ^ icrCr:.^...^ 
selected t^- 

L-.-'^cZ. p a:-^ur^-'^ 1--^ v^p-; flaw but to allow 
-d e^.: t r'"'Osm':U i ca 1 1 y-dr i ven flow. Thus, 

addi t i'jnall y ±t is prater red trinr. the p-:;re diameter" of the piorous 
bed be in the 
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s amp' 1 e inlet 

and is in irommunication with a sample container 360 and the other 
is connected 

to a waste reservoir 370. A power supply 375 is cc-nnected across 
I'Cith elements 

of sampile injector A. Placing one of the electrodes of power 
supply 37 5 in the 

sample container and the other in the waste reservr-ir can make 
c his connection . 

Alternatively, power supply 375 can be connected to the elements 
of the sample 

injector by means of salt bridges, as discussed abcive . 
■:: ::xR: 

210/198 .2 
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E>':)(:t.tmENT-IDENTIFIER: us 6287822 Bl 
TITLE: Mutation detection methc>d 



E)EPR: 

MIr'C uses unique ncTi-poiar separation media which comprises 
(::rganic pcd ymers, 

silica media having a non-polar surface comprising coated or 
C':-'Val ent 1 y Ijound 

orrAarAc p^jlymers or cr^valently bound alkyl and/c'r aryl groups, 

rr r:t. inUC'US 

y:-:-ri'po] ar or- ar at i c^n media, so called monolith c^r rc'd cC'lumns, 
: i i ng 

ro'Ci-pLdar silica gel and ijrganic pc)lymer. The sep-arat 1': n media 
used in MIF'C' 

c-an t'O piorC'Us cir n^jn-pctr ous . A detailed descr ipt i 'jn C' f: the MIE'C 
sepiarat ioin 

P'r^r^cess, MIE'iT. separatiijn media, and MIPC systems is found in U.S 
F'at. No. 

:','^72,:"89 (1998) to Gjerde anil in co-piending U.S. patent 
afip' 1 1 CciZ iozi 3er . No . 

0:^/ ocO filed Ar^r. 10, 19^^^:; Ser. No. 09/0^8,33.7 filed Ap^r. 

aoandon^:-:i; Ser. N^:' . 09/065,913 filed Apr. 24, 19?-; n-y^ j.S. 
?:it . Nr. . 

S , 9 1 ::■ e. Ser. NC'. 09/081,040 filed May 18, 19^'-:; ni-w U.S. Pat 
No . 

5,9L^7,^42 Ser. No. 09/081,039 filed May 13, 1998; now U.S. fat 
No . 

2, 07^,. ,22 and Ser. No. 09/080,247 filed May 1 8, 1 998 n^i-w U.S. 
fh7. No. 

6,0 17 , 4 27. MIPS systems and sep^aration media ai^e ::cjn:Lmer sially 
a V:i 11 ai d.t: 

( Trans'.iencimic, Inc. San Jose, Ualif.) 



210/198.2 



2::trc :i 1 . , M'."2iuod Monolithid P^.d of Ma':^ r '^r^ho r^rju ; 

; ■ ■ , ; ; ■ ■ ; • ~~~~~~~~~~ . ^. f -^-^ 
^ 7 vof-Vi-r 1 r 

1 ym^3: IS. . . , Ar. a ^ y 1 1 c ri i n e^iu i .-^ > . i y , ; : - - 'UU 
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DOCUMENT-IDENTIFIER: US 6260407 Bl 

TITLE: Hi gh-temp'erature characterization of polymers 



BSPP : 

Liquid chromatC'grap'hy is well known in the art for characterizing 
a pfjlymer 

sample. Liquid chrc-matographi c techniques employ separatic-n of 
one or mc>re 

cc'mp'jnents of a p^jlymer sample from other compc^nents therec>f li-y 
fbi'W thrc'Ugh a 

■rhrC'matC'grap'hlL' ccdumn, followed by detection of the sepiarated 
C'jniponen ts wi th 

a f 1 'I'W- t hr^jugh de tect'O r . Ap'prij aches f 'jr liqui d chrc'matijgrap'hy 
can vary, 

h'^wever, with resp^ect to the basis of separatic^n and with resp^ect 
to the basis 

:f detec-ti jn. Gel p'Ormeation chromatography iGI'C) ^ a well-knc'Wn 
f>- rm of size 

ex-:'lus i-jn chrc-mat-^grapihy (SEC) , is a frequently-employed 
cnr ■_'mat'~'ar ap^nic 

C'-.jhnique fc-r pi:I'^^lner size de termina t ictn . In Gt'C, the p-jlymer 

sep^arate-:! i.ntC' c^C'nip):jnen t s acC'jrding to the hydrijaynami c v i .a/u-z.: 
■j'i'cupded hy each 

rimpc'nent. in S':luti :'n. More spieci f ically, a p'jlymer sampde is 
iniected mtij a 

m-itile pihase of a liquid chromat-jgraphy system and is p^assed 
through 'jne or 

m:.re chrcmat C'gr ap'hi -r. columns p'acked with porc-us beads. MC'lecules 
w I r 1: 

relatively small hydrcdynamic vcdumes diffuse intc- the p^c^res of 
tn-- bea'is ind 

rem.ain therein tor longer periods, and ther^f^or^ exit tho cc-Lamn 
a f t e r 

1 -r--^-; I ^ ~ with relatively larger hydrc'dynamiiz vc-dume. Hence, GPC 
::ha r a :'r--r ize ovio :r mc-re sep^arated sc^mpji^nent s of the pic-lynier 



_ X- £- „ ^- 



ny rir'T'dyn ^m] taaius (r:ro . /iiifjtnt-i 



s ►r-p^ ^1 r -a 1 1 'i^n apipii 'ia^h it- 1 1 lu.- raC'=-a -J . = . ^, 

: - Kro::net 

3]. and invjlV'-'S the use of a pjc-rous monolithic s tatiCincir y-p^nase 
biz a 

so^'dL Htii.M-i :Tie..:lium wittiin th^ ^-hromatcvirraphic c-:dumn, C'jmtdned 
w i t. h a 

nii't 1 le-p)hase cc^mppi^siti jn gradient. (See als'j, Petrij et al, 
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Mijlded Monolithic 

P.'jd of Macroporous Poly ( s tyrene-co-divinylbenzene) as a 
Sep'aration Medium for 

Hb'LC SynLlietic I'olyiTiers : "On-Column" Precipitatic^n-Redissolut ion 
irhrL'niatC'graphy 

as an Alternative tc^ Size Exclusion Chromatography of Styrene 
0 \ i gc>mers and 

Polymers, Anai. Chem., 68, 315-321 (1996); and Petro et al, 
ImjTi'jbil i zat iijn c- f 

Tryp^sin onto- "Mcdded" Macroporous Poly {Glycidyl 
K e t r L a c: r y 1 a 1 6' - c c ' - E t h y 1 e n e 

rdme thacr ylate ) RC'ds and Use of the Conjugates as B i 'jreactC'r s and 
for Affinity 

Chr-jmatC'Cfr-ap'hy , Bi C'teohnijl-jgy and Bi c-ena Lneer ina, Vo 1 . 4 9, Y-'P • 
3 55-36 3 

il99o)). Chr- ^mat ■T'graf'hy invcdving the P'C'rC'US monolith is 
repi'jr" tedl y t^ase :! on a 

C'reci p i ta t i^jn/ redi sso lut iti-n phencimenc-n that separates the po 1 ymer 
ao'iM^rding to 

size--wich the p-recipi tated pxjlymer molecules selectively 
t ediss'jlving as the 

Sjlvon:. :>m.f:-:>s i t i 'jn is varied. The monolith prcivides the surface 
ar ^--i an*:i 

O'- : Hioa t i n ]:'r :'per t i es needed f^jr Circ^fier separa t i -jn . (Jther 
Sep a ra t ion 

ar>r. r'ja:::hes .ire alsc' kn'„'wn in the art, in'::luding fijr exampile, 
n^ji ir^a 1 -r'h ase 

a:is-: rntion c-hr'jma tC'Cfraphy (v;ith sepi ^. rat i :jn of p'jlymer .::c mpniT.ent s 
t'Omg based oi\ 

p-re f erent ial ads'jrption between interactive f unc t i'jnal i t i es ot 
repeat ing uni ts 

and an adS'j r bi ng s tat icTiar y-p'h ase ) and reverse-phase 
rnr^'mar -jlj rap'hj^' [wi th 

set' a rat l ovi o f po 1 ymer C'l'irLp'-jnent s be i ng h'ased on hydrcip^nijiji 

]:-e:ween a p!':dym.er and a ncn-pcilar s t a t ic'uai y-p'has^: ) . Af:er 
sop a rat i'jn, a 

Liet-'.i'r. ijr^ oaii :iLe.ficUxe a pr:jperty r^f rhe pcdymer or oi a P'Cl^ir.er 
'::':mp"jn-nt-- f i: -: m 

'-i-'". r:-;.!^ r,Y :ur)re chai" a st eri z i ng r rc'p^ert ies , su<::h as mcdecular 
] '^r n ^ ■ : ^n r 

~: - ^ - —o '-.^^o^ ^ + :n:.:tiv:n ^^t rime. Coec i f : oa 1 l.y , ^ r.^mujer ol 

Vio_ i-z j-_xai X. 

c. ] r >' -.'T^.-.-^ ,^^r. Y'- det^rmmea, incl.udirLg ror -j-.cxini' i ^-o 
weignt-avcir -^ge 

^U'jl- a r \;„:i::h^ {^^- . ,w] , the numh>er-aver age mc)lecular weight 
(M. sui-.n) , Lhe 

nu:decular-w-^ight iistrii'ULi'jri shai:-j, and an index of the 1-readth 
r f the 

mole ^ular-weight di s t r ik'Ut i(jn (M.sut^.v; /M.sub.n), kn^jwu as the 



12/18/2001, EAST Version: 1.02.0008 



pc'lydispersi ty 

index (PE'T). Cither characterizing properties, such as mass, 
particle size, 

cc-mpMi^sit ic'ii or C'l-nversion ran likewise be determined. 
BSPF.: 

Aspects C'f p'Clymer characterization, such as sample preparation 
and P'C^lymer 

separaticTi, have t^een imdi vidually and separately investigated. 
For example, 

PC'Che et al. rep'^rt a system and app-roach for automated 
high- tempera ture 

di ssc'lut iijn C'f p-:dymer samples. See PO'i'he et al., Use cf 
L.zi'iZ'Oi at.ijr y PC'tc-t ics 

tor 'joI Perm.eati jn ij.hi cima tijgraphy Sam.pd e Preparat i'^n : Autijmation 
-Id 

Hi ■:^n-Tempera tur e rcdymer Di ss( >lut icT., J. Appl . Pcdym. o'::i . , 
64(8), 1613-1623 

(1997). S tat io-nary-phase media that reduce chroma togr-aphic 
separaticin times of 

individual p-idymer samples have also been reported. See, for 
-Xi!ixde, E'etrr> et 

ai M'jld^-d ■::':'nr. 1 nuc'Us pcu y ( scyrene-cc'--:iivir/y Ibenzene ) rod ss a 
s ':r^o.:.rit. i-: n 

meaium f ^ r tne v^:-i^^ fact separation. '~-f r>oiy-m^rs; C i^mp' ar i s-dh cif 
tne 

>?hr '^HLa L ':'grap-h i ■:' ijr'iptei't ies of the monolithic rc-d with ccdumns 
P' fi-? r:ed w i r n 

p-r-r^'US and n'j-pujr'jus beads in high-p)er f '^rmanire liquio. 
'I'h rc-mat:L":frap'hy . , Jc-urnal 

ol 'rhr.jmat'jgraphy A, 7^.2, ^'9-66 (1996); and Petro et al . , 
M'.:'n':-:1 i sp^e rse 

Hy'iu ■■: 1 yze'i 1 y ( gl y^" idyl methacryl at e-cc'- ethylene ciime t hacir y 1 ate ; 
^^^aLis as a 

2 '.a:. i':'na r y Ph.ao- f^^r' Mc rm.^ 1 - Pli,^ se HPLC, Anal, (:^hem., 69, :.131 
( hr^^^T ) . However, 

fui'h apip^r jac-hes have nc r CJi-ntemplat ec^ ni-r l^een in :: : rp-ji a t ed into 
p n" t J C'^' i a i\ < 

sys:ems .:-uir. ard.e f'.^r large-scale, or even moderate- so- al e , 

--n. I - 1: r '/ reje^r::n, ^i.a ^l.::! z^ .: _1 ^ f"r r-^mr : ^ r ^ ^ i mateiial 



iJn. r P. : 

cr.r :::.at i-^r -p'Vii ccdumn 102 further comp'rises a sepjcir ati'jn 
TT.--iium navi:":g a 

s *:,at iLiiai y-pliase wionm tlip separatic^n ''avi ty. The sepiaration 
me'iium can 

.T'onsist essentially :)f a st a Lionary-ph.ase or can als-o include, in 
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addi t ic'H 

theretC', an inert support for the stationary phase. The cijlumn 
102 can alsc' 

cjip.prise or\^ cjt more fillers, frits {for- separation medium 
retentiC'n anid/C'r for 

filtering), and varii:us fittings and features apprc-priate for 
prep'ar ing and/ c^r 

maintaining the c-jiumn for its intended app'ticatic^n . The 
part ioular separati on 

m.edium to be emplc^yed as the stationary-phase is nc't critical, 
and will 

typically dep'ond on the separation strategy for the particular 
chemistry C'f the 

r-'idymer san^pdes cf interest, as well as on the (iesired defection, 
5 amtjh:'- thr-: ughp'Ut and/c^r information quality. Tyf'itral 
s tat i c nary-p'hase media 

can be a bed of joacked beads, rods or other shap'Od-r^a rt ic les , rir 
a monolithic 

me'iium {typically greater than at'ijut 5 mm in thickness), each of 
w ]'l i c h c a n h ' o 

■characterized and optimized for a particular separation strategy 
w 1 1 h resp'O':'. t 

tn^- mi:C:^:- r- 1 o I , size, shapje, pcu e size, pc^re siz-' distribution, 
- '\ r t hoo a r^; ;a , 

L'-j ,i:xin, 1^::: ncmc-j-'^-^c ^ y (f-c pack-e d snap^e-i-pa r t l z i es ; , 
i ner-t:':ess , 

p-jhar.] ty, nydr<jph':ij:)icity, zhem.ical stak-ili ty, me'::hanizal 
szakal. i ty and solvent 

P'ernie alji L i t. y, am^jncf ther factcrs. Generally preferred 
Stat i'L-nar y-pihase 

in-rlude pi^jr^jus media (e.g., porcius treads, p)orous monoliths ) , such 
as ir-e 

siitiO'le t'~-r ae 1 piermeat ic-n chr jnia t':ijrap)hy (GPC), and media 
suitable f:r 

p r-i'Cipit:at i in-re-lisst ] ut i'^-n chr'cm.a t -r^graphy , adsctrptiizn 



t !:(jm-:itL":(r 
'i've r s--p't 

■ 1 ■J.J lLj 1. ^ . 

a:j 1 1 ha r i 



^it-ny, and/c-r 

ase ''hr-jULatCigrapiiy . Nizn-piorz us p a rticles c^r empty 



A . 



dszrotive walls can t^e used as well. If beads 



s:j::*i'l i. . bii .: i ■: :. . - ; r --^^--^v- ^^-_^p^c:_ Pa f 1 1 '::u 1 ai 1 y 

^t^ . . / ^ ' ' . I,"--; ^ - T V H r : r;i.; 1. i. ::a t ■ ■: 

11. 'jr--it-u :i-u-;i, :..'e.<'^vj, i:;; .... ...... oil ^ \ I ^ \-.-^.-o\^- ^ : 1 u'^ a , 

^ ^ - ^- i i ::k':''i r-'S i ns, 
hy.ir.jxy la te p':d. y ^1 yci'.iy L metna ::i yiat-:^ , — . j., 
pcUy ( - - - ii! .yM ^ ■ ^:-:ypir : pylme th aer y 1 ^ t e ) ) , P'Z'l y ( hydrc^xyethy 1 
n-etriac r a t ) , and 

pc>lys t yrenic pcd/iuers such as p'Z'ly ( s t yrene-divinylbenzene ) . 
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DEPP : 

In (.^ther variatic^ns, the short column may comprise ciolumn 
i tat i'l nary-phase 

C'acJ-.ing other than is typically used for GPil:, such as 
nc'rmal -p'hase or 

reverse-phase silica particles, polymer monoliths , inc^rganic 
monoliths , and 

ether well-knc'wn ccdumn stationary-phase materials or filter 
niedia. For 

examp'le , short cc'lumns cc>ntaining adsorption chromatography 
s t. a *. i n a r y - h a s e 

can he used to remC'Ve cijmp«jnents either more polar or less polar 
:han -he 

fMjlymer samrde- -i-f interest, sucn as water r.r sijlvents initially 
inr. : i:-:iucea with 

the sampde. Alsc' in a preferred aspect of this emt^-jdiment , more 
than 'jne shc^rt 

column may be used in series, for example a shc-rt GPC column in 
C'jml.dnat ic'n 

with a sh'i'rt nc-rmal-p^hase adsorption chroma tc-graphy cc'lumn, such 
th^^ ]jLdymer 

1 s sep.it at eo t r.^m I'jw-mcd ecular-we ight cc^mroment s , whi ch are then 
to r-h^r 

s--t^-j r ^ tei:i oy o-ji-^iiizy, ; S j Ex. ^''O. Thi-. ":an i^e p^Hir 1 2 cu 1 a r 1 y 
use r ul f L-r 

rap'idly sep>arating r-jlyniei frc)m residual m.onr.mer or scdvent in a 
po 1 yme r- i z 5i t i co. 

i:-a-:ti'jn, and then fuitner quantifying the type and amount of. 
TTL'jn'.'mei" or 

sol^'OVit v;ithin a single, lac'id analysis. 
jE t'i\ : 

Wnile s une .asi^ee'ts of the f'?llciwing description refer t':' "h'Oads", 

re f - r':^rn":e is t. t^e c-jnsidered exemplary; ether s ta 1 1 :-na ry-rli,:xse 
medi a (e.g., 

r.'ds, monoliths , ets.) '^'an r^e readily employed instead e-f suc:h 



^ ^ " i 1 ^" a ^ : : n - r e :: i - — ■ i ' i 1 on ;.'h r :m ^ "■or ar:hy inv^:' 1 t use o i 

'-. S'Mv^n^ ara-"iient iri -iM-nj un j t ic:\ wj t.rL an i :\S'. i. u.^^ ^ 
c t at 1 e-n.^r y-iie.ns - 

r 1 ynir- r monolith ) . The polymer samrde is mje'Sted intL 
a m-ri l le-p)ha.se 

sjiv-'Mt that is a "pjc^r" S'.d v^:nt fjr the p-^'^ym^r tj-^ma 
shar a ::teri zed ( S'jme times 

called a "nrai-S'jl vent " ) , thereby causing p-rec:ipit a t i en of the 
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lymer samp'le . 

The precipitated pC'lymer sample then adsorbs onto the 
s tatiC'nary-p'hase ( e . q . , 

monolith ) surface. Gradually, a t^etter solvent fc^r the pujlymer 
being 

characterized is introiduced into the mobile phase. When the 
better solvent 

C'jntacts the P'recipi ta ted polymer sample, the smaller particles 
L'f the pC'lymer 

samj:de redissolve first. As more cif the better sc-lvent cc^ntacts 
the 

precipdtated p'Olymer sample, larger particles of the piolymer 
s ampd e i edisscd ve, 

;,:intil the entire p'olymer sampile has been redissolved. In this 
f ash i':'n, the 

r :■ 1 -^^TTL-rr sampile is separated by size (with the smaller p)articie5 
c-z-i respcTidi ng 

to smaller size molecules). Solvent choices depend (:>n the 
S': lutd 1 i ty 

characteristics of the polymer samples being characterized. For 
a t yp i o. a 1 

hyfaropihoti id' p).jry7Tiei- such as piolys t yrene , "gc^od" scdvents include 
t-t rahydr 'J fur in, t ^'i luene , di chlorcimet hane , etc . , whi le "p jo r" 
r-^n-s : 1 veni.s 

i nc: 1 .-.^i-r- .iL-u,::.=i.. _■ 1. , .:thin':l, '^■J'^.'^.^^ro -'^r hexane. It is a^-n(='ralLy 
r-r d-fer rd' l that 

:.i:e g':-:-:! scdvent diid the poor scdvent used f-jr any particular 
sep'arat ion be 
hl] sc irde . 

Tne proo. i p i t a t i^:>n- red i s so 1 ut i o-n chromatc^graphy apr-irc^aiZhes 
s ■:■ r i tje'l 

t.tr r e in- -r>a r t I'ZU 1 ar ly empd^jying monolithic cddumns such as thc^se 
J .r o 1 : .1 oo joy 

l-lro et il . , vide sup^ra., cfenerdlly lead tz- nigh-speed 
oY-.a I ao t e r i zat i 'jn w i th 



1 i ^ y o f i n f T) rm a t i c- n . 



monoliths ci::d :_^eaUs . o 1 1 i - -c 1 1 ^ ...ii ..y..h : ^ i c pdyr;--^ ;^v~^. 

a .iS'Orp t.i :n polar" polymers 'jr tor rem-jving -j L highly polar 

cjmponenrs Lue 

sampdes, sU'::h as water, whizh wciuld otherwise interfere with the 
analysis jt 
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compounds of interest, such as irnDnomers and polymers. Pc'lymeric 
beads with 

di<jL functionalities are preferred for this purpose since they 
have higher 

adsc^rpt ivi ty than silica with minimized non-specific interactions 
w i th the 

characterized polymers (See M, Petro, et al . , Anal. Chem., 1997, 
69 3131; M, 

Petro, et al., J. Polym. Sci. A: Polym. Chem., 1997, 35, 1173; 
J. M. J. 

Frechet, et. al . , Polym. Mater. Sci. Eng. 1997, 77, 38.). 
DEPR: 

Thi- typdcal motdle phase (e.g., solvent) used for this adsorption 
chrL'mat'jgrap'hy is t ^='tr ahydrof uran, either alc-ne <:'r in mixtures 
wi. :. r. hexane (tc^ 

enhance ads'jrption) or water (to enhan'ze eluti'jm. 
(j'::tadecyl-si 1 ica beads 

( co^mjmjnl y used in ci-nvent ional reverse-phase HPLC) and 
po 1 yst yrene-ljased 

monoliths are used fc-r a separati-jn of compijunds of medium 
i:-:darity under- the 

..■■:'n-:ii r. ii.:.ns zypi ::al oi' r ever sed-^c^h ise chrc'matcjgrap'hy , usual ly in 
-nx ] r:at I'jn 

w]r.:-i. a lurxo^i-z f v-;^:..ci axd t ^^"^ r ^ hyd : '"u"u i: an . 3>tit i : nal I y , 
■Jii adients in 

cxnnection with this technique can Ije empL''yed, changing either 
^C'^mr'-js i t iC'U, tempierature or flow rate if the mjit>il^ phase. 
PEPR: 

rne r'lii'itic ao.tii-sampler and injectii'n valve set-uri as in Example 
1 was fitted 

wiih two sample l-jops (each having z-0 micrc-liter- vidume) in 
. iul i na L i m w i th 

hi :jr:-r:iressu re liquid chromatc-gx aphi^^. (HPLC) apparatus C'T^mpr is in:f 
a t 'W'l - piump' 



:mat o-graphy system, pirimied with methanil and 



r-r. t ahyur'jf ur-au (THE) 

S''iv-ne. A p-iri'U- 'irosslinked t-clystyrene monolithic C'jl.umn was 
y-:- : as .or::- o : r-- "i i.:. Eit^._;h^^ o"^ ^. 1 . , Ti'Urn^l ni 

^z,Y^ci Ere'::het et al., An^l. Chem. ly-^-^, v^:^,- ■ : . . 

i' fie i"! E'x-j 3 

ryc^-.:.^, va ^: ■ ■ u f 1 au r o d such that the combined tiow ot th^ p)ump 
ys tern passed 

ihrjugn tno valve, I'lt- column, and :hen to a UV ■r.nromatO';ir aph i c 
■:i^a te^: t'Or . The 

eritire system, lU'Cluding prump centred and data acquisi ti'jn fr^am 
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the detector 

was computer-controlled . 
L^EE'F : 

AdsC'rp't ic-n chrti'itiatography was used for separation C'f various 
cC'irLpcment s of the 

reactiijn mixtures that contained the comonc'mers, ( CC' ) polymer s , 
sc'lvents and 

catalyst cc^mpcnents. Good separation was achieved in 60 seconds 
per- sample 

using a shcjrt, high-aspect ratio reversed-phase co'Lumn ania 
gradient of THF in 

water with a ccncave pr-Dfile. The sp-ecific gradient profile 

,a 1 1 L'Ws t'l sep-a r ate 

small miidecules witn similar retent i ^-^n behavic^r from ea-:'h ether 
as well as 

elute a highly retained p-i'lymer in a very short cinio. c'olumns of 
var iijus 

sizes, porC'Sities and chemistries were used for this purpc-se 
in'.: luding 

p-i' lystyrene-t'ased monoliths and silica-based porous treads. 



J 51^ i: r. : 

A single, sYic-rt , hign-aspect ratio '^cdum-n (0.8 cm. times. 5 ciiO 
C'jni i me :i a 

r:-:- 1 ys Ly ren^i' monoli th as the separatic'n medium and resided in a 

r'h-^10 ht-':;e'C 

c-ven maintainei at 14 0. degree. C. The system was ^M-nf igured 
substantially is 

sh:wn in FIG, 6 and descrit'Od in connect i'jn therewith and hs 
f'j 1 1 L'WS . Twri 

ni'itd 1 e-p'has^;' reservC'lrs 114, 120 were prc^vided and equip)peo with 
t w-\, Wate I S 0 1 0 

P'umps 110, 110. A "mc'bi 1 e-phase A" reservc'ir- 114 feeding p»unip 
11-: 'h'E'r ^i'ir:^ f ter 

"piunif! A") ■:':mp'rised tr i ch 1 c-robenzene (TO'B) and, in cp^eratic^n, was 
:: I'Tif i 'jur ^;d 

pump' m<jj:'.i i';.'-p0..^3e A thr:ugh th^e^ ini^ctic'n vaive 210 (100) and 
t ".r :-U':ih th*:' i: v-^n, 

'^'-■^-■: ---r^y ^. m'-'L'i le-p'hase A was heat'^'d to k'ecjme the h'jt m-jkale 
r-: I i;- 11, e . , n 



D imr) i j b 



■ -rrr-y^ r.-~i ^ r i "-n b-'r^'-irjenzen-, an'i in -jp^e r =i 1 1 nn , was ^,uiO -j..^.^.. 
t p'um^i 

■vo . u L -pii ?is-:- ^> ^-'i bypass mc st O'f the heated environment, and tu 
■^n-er the .jven 

inticO :i i i t -z^ 1 p^rior to ih- b nmi"i 1 J2 :.s ^ri esspnt i ^ 1 1\' 
am] J 1 e n t - t emp e r a t u r e 

nio:jile p-hase (i.e., c-jld TCB) . Detecti'ii'i was effected with a FD 
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2 00 0 

i iqht-scatter ing detector (90. degree.) . 

'ZCXP : 
210/198.2 

OR PL: 

E'etro et al., 1996, I.J. (Zhromotography A, 752: 59-66 Molded 

OC'Tit inUCiUS P'Oly 

( styrene-co-divlnylbenzene) rod as a separation medium for the 
very fast 

separation of pC'lymers Comparison of the chromatographic 
P'rop'ert ies c f the 

monolithic r^^d with columns packed with porous and non-porous 
Ijoads in 

h i gh-pie r f (^rniance liqui d chromatography of p<jlys tyrenes . 
'jR?L: 

Eetro et al., TVnalytical Chemistry, 1996, vol. 68: 315-321 Molded 
monolithic 

r-jd of macrC'pc'rc'US Rol y { s t yrene-co-divinylben::ene ) as a 
fop rat i on Medium f c-r 

HELC of Cynth.Eitic P'jlym.ers: "on-Cc*lumn" 
Per yipi t at iC'n-P:edissL)lutic»n 

'2hr':'ma t'jgr apMij^^ :ib cxa Alternative to Si:^e Kxclu^-ion Chromatography 
■:-t 3 tyrene 

■jlij'jmers and Ptdymers. 
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DijCITMENT- IDENTIFIER: US 6258264 Bl 

TITLE: Non-pC'Iar media for p'Olynuclec t ide sep^arations 



BSFR: 

The present inventic-n is directed to the separation of 
p-:' 1 ynucleC't ides using a 

separati'i'TL medium having ncTi-polar surfaces, such as the surfaces 
o f nonpijrous 

t'oads or surfaces C'f interstitial spaces within a molfded monolith 
( e . . f a 

■:ie r i vac i zee silica monolith), which surfaces are sut-stantially 
f r e--' f : 'jm 

c jnr am ina t i on w i t h mul t ival ent caz ior.s . MC're sp^eci f ica I ly, tne 
1 nv^nt ion i s 

direcjted tc the '::hrc'ma tographi c sep-aration of t'Oth single 
scrandC'd and double 

scrandc'l p-j 1 ynuc 1 eot ides by chromatography using a nonporous 
separat ion mediumi, 

wnere the mc'lium is either c^rfjanic -i-r inijrganic material whii::h is 
a*:. ed w i t h .a 

i-„lvmer, ci :"jjn-pM: 1 ar substituted pc'lymer, anii/c^r wiirch has 



s u r t a ■:: e s u t ' s r~ a t e g r up' s s ut ■ s t i t u t e o with a n ( j n - p) :^ i a r 
nyydiC'C ar Ic^n o^r nc^n- icsnic 
s^:iast i Cut^? :i by ir-i-ra rii'on . 

F3ET.: 

These an^i c-ther -jh'jects of the inventi^an, which will become 
aip'ur'E'nt f roan 

readincf the f^jll-jwing spec.i f ii::at i'jn, have t^een achieved by the 
m^-tho a' jf the 

p:-.-ent. inven^i-an in v;hich p^a b/nuc leot ides are sep^arated using a 
n-: npu:. r'jus 

s^p' arat i. ju me iium suah as laeads or a m^tlded monolith (e.g., a 

-1 1 ic- g^l 

monolith ) , wn-iire th'E- m.edium. comprises either 'jrgani'a oi m^^u" 'j.ianic 
ac; t -rd al 

A'..i .u 1 r, ... ... a .:■ a .-v . to - : \ : , a r.-'n ^ ~] : v-.c: ^ -i tn r O'dvaner, 



" '"'^ -n o HI 
Bi' Pr.: 

In '.aie HSp^t-', t.ho. inv-::ntion is a m^^thod f'ar separating a aiixture 

- r 

pad ynu aleait 1 a-s ciampjr i sing applying a mixture c-f piolynuclea>tides 
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having up tC' 

1500 t>ase p'airs to a separation medium, the separatiC'U surfaces 
of the medium 

C'l'-atC'd v;ith a hydrocarbon or non-polar hydr(Dc.arbon substituted! 
p-idymer , C'r 

havma sur>stant ial ly all pcdar groups reacted with a non-polar 
hydrC'Carb'i-n c-r 

substituted hydrocart-on gr<jup, wherein said surfaces are 
nc'n-pL'lar ; and e luting 

the pLdynucle'i' t ides . The sepiaration medium can be enclc'sed in a 
C'jlumn, 

Elxamtdes nc-n-prdar surfaces incluiie the surfaces of h-eads such 

f'5:rti:des arid the surfair^es of intersitital spaces within a 
monolith ( e . :i . , 3i 

sili':-a gel monolith ) , which sur fac^e'S are cciatea with a 
hy'ir'jL'a rtiC'R or n^jn-p^j lar 

substituted p'jlymer or having sukistant tally all surface sukist, rate 
groups 

reacted with a ncTi-p-cdar hydrocarbcm c^r suk'S t i tuted hydr C)Cart)jn 
gr^jup'. In the 

P'r-^terred -^mkiC'd i ment , pirecaut i -jus are taken during the p-rc'duct ion 

s'' ^::h.nr It ]s sui:is tant i al 1 y fr^^'O jf multivalent c^ti^'U 

jnt aiuii^an: zino t^i-- 
m^:":iium is treated, f'l-r exampd.e t>y an acid wash treatment and/'jr 
t r ea tment w] tn 

TTi^d t i va 1 en t I'aticT: rending agent, tc^ suh'S tan t ial .1 y remcive any 
r':'S i'ltia 1 sur- face 

m^:^:al L-'jnt imin ^nt s . The p^ref erred separation medium is 
cnara:::teri zed hy having 

^ Zo^A oep' irat i jn Factor (liefined hereink'elc'W) 'tf at least O-O":!. 
T:\- p re f e r roo 

TT.';'dium is :tn5ir acter i zed Ijy having a Mutati-tn oepiar atit-n Fatt^u 
I --jiS 'lie i' i no'"! 

hereinbehjw) ■: f at least t.l. In a puefn^rred emi:': d im-^'nt , ^n^' 
sepia r at i ■: n is 

:r::.d-! ]jy M5itch-ji I-^n F'cdynU'-d er, tide Chrcmiattigr ap'hy (Mlr't!, as 
:i- f I red 

1: ^ink-^bjW) . Th-' elutic-n step) p^referably uses a mokdle p'hase 
_;:-t i ^ ■:; 

" 1 1 ^-r: r, w-.a* ■.:dutd. :"^r-janic S':dv.=^n-. Examples 

' ^' - 1 1 1 v^^-'-i ^ i nc i '.r.ie a 1 ■:: : htd , ni. „r .i 1 e , '-:iime ^ ny i i^jr jil-ili -..i-- . 

c •:: r ah yur j 1 \i r , 

■^^-^■^^r, .:^^h-vr, and mdxtures 'tf one or mc-re therec^t, e.a., 
ite: han«t 1 , -i-thanol , 

.1 - t-r: P'On : 1 ; 1 - pi 'jtjci; ■■ d , tet r ahy :ir : fur an , ^^t-hy 1 ac-'t a t e , 
a :>:'t'jni t ri 1 e . The mist 

T'tef erred ^rganir scdvent is acet^rTiitrile . The c^iunterion agent 
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is p'ref erak'ly 

selected from the group consisting of lower primary amine, lower 
secc ndary 

amine, Ic^wer tertiary amine, lower trial kyammonium salt, 
quat ernai y ammoni um 

salt, an(d mixtures c.f one or mijre therec'f. Non-limitinij examples 
C'f C':unterion 

agent s include octyl amnion ium acetate, octyi dimethyl ammonium 
acetate, 

decy 1 amm<jnium aceta t e, octadecyl ammonium acetate, 

y r i d i n i umammC' n i um acetate, 
cycl'jhexy] ammc'nium acetate, di ethyl ammcTi ium acetate, 
p rop y 1 e t h y 1 anmpon i um 

3 e t a t , p r ■ p y i diet h y 1 ammf j n i um acetate, b u t y 1 e t h y 1 ammo n i um 
a':*et ate, 

me L :"i y 1 h e x y ] -iimjTf: ■ n i um a ■:: e t a t e , t e t r ame t h y 1 amm- j n i um acetate, 
t et r ae thy 1 amni'i nium 

acetate, tecr ap^r-jpy 1 ammonium acetate, tet rabut ylammoni um acetate , 
lin.ethydiet hylammc-nium acetate , triethyl ammonium acetate, 
t r iprop'y Lamm^'ni um 

acetate, tr ilaut ylamm^iTiium acetate, and mixtures of any c-ne or 
m.-'r^ ot the 

ari.ivrr. Th- -unt er i '^n aaent in-::ludes an anic'n, e . . , acetate, 

ij i ..-A I o^. .1 , }: japh , =-v' 1 f a^ , n i. t ra te , p rc-p' i c^na ^ , f cmar.e , 
rhl': r i de, 

percnl cerate, 'Z r hir^i^mLi ie . The most preferred ccnanterion agent is 
t r i thy 1 amiri'jnium acetate or tr i ethylaiumijnium hex a f lu^jrcd sopi r apyl 
alcohcd . 

E'F. : 

In a still further asp'oct, the invent icai is a methc'd tor 
z or: r a r i n g a n\ i x t u r e 

of 1 ynu'i'l e^: t i i^'S ct'iiLp'r i sing ap-plying a mixture of 
p 1. ynu I' 1 t iooz having up^ 

zo 1 ^ base p>airs to a monolith having non-p-ilar s^p^a t 1. i(:-n 
s u r 1 a-i'e' s , an^a 

e Luting the r-:. ] yr,i].- ] ^r,r i des . The monolith can tie encl'jsed in a 
■-'idun.n J I r.th-r 

. 'Z'Xt El 1 nment syst^am, such as a cartridge. In a p^referred 
- m;." i:uen i , ^ . 

monolith i: - ^iii"- irl monolith. Th-; n'T^n-ri- 1 a r ST^oar a: :i :n 



- - r . ; y- f , 

i- -A r 1 a e s a i 

-■ 5: ^ c. i }"i 

i L a \u I"; 



f i n t r s i t I tal sp^aces wrthm tne monoli th , 



. vcircctarb an lar n-an-p^jlar substituted polymer -jr 



c ^I'^tantiai iy a l i suiIcil-t^ substiata gr?ups r'-a^'^ted with a 
r: a n - p ) : 1 a r ii y r c ' c r 1 1 ■ „ > n 

-au substituted hydr j ::arbcin yroup". An axam.pde of a suitaljle 
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monolith is one 

which is p'-'lyf unctionally derivatized with octadecylsilyl grc-ups. 
In the 

preferred emliMiMdiirLcnt , precautions are taken during the pirc'duetion 
of the 

monolith sl- that it is substantially free of multivalent cation 
cc'nt aminants 

and the monolith is treated, for example by an acid wash 
t reatment and/or 

treatment with multivalent catic-n biniiing agents to sut'S tant i al ly 
rem'i^ve any 

residual surfa'::e metal contaminants. The preferred monolith is 
characterized 

by naving a EiNA Separat i-i-n Fact^jr of at least O.O^'. The 
preferred monoli th is 

characterized by having a Mutation Ser'aration Fact'jr of at least 
0,1. I n a 

preferred ^-miJodiment , the separation is made k)y Matched I'lri 
F'j lynucleotide 

Chr:jmatC)graphy . The elution step pieferably uses a mcibile phase 
'rcTit aining a 

■:-':^unte r i -r^n anient and a water-scd ut)le c^rganic sc'lvent. Examples 
ot =1 suitahde 

r rr -n i ■ • S'") 1 vent i nc lude a 1 cC'hC' 1 , ni tr i 1 e , d i methyl f ijrm.am i 'lie , 
t e t r ahydr ci r u r an , 

ester, ether, and mixtures of one or more thereof, e.g., 
zi\ezY:ano 1 , -thancd , 

2 -prop^ino 1 , 1 -r^ r- -'^'an':!! , t et rahydr-jf uran, ethyl acetate, 
acet.<jni t r i 1 e . The mcist 

p referred '-.rganic sc'lvent is acet'jni tri le . The cC'Unter i (jn agent 
i s puef erah' ly 

s^-]e.:ted frcim the gr^jup cc^nsisting ot Iciwer primary amine, Ijwer 
se ndar y 

amine, bower tertiary amine, lower trialkyammcinium salt, 
q'.^a t e ma r y a.TimcT: i urn. 

salt, ari'i mixtures ot one or mere therecif. N'jn-limi t ing examples 
f >:'-junter iijn 

a ^7^^nt s m-:: i uae c-ct y laiiunonium. a rot ate , oct y 1 dimethy lammc-nium 
a.-e-tate, 

-y! ':"^m ^ u^^' -'^'-tafe, Mct adecylarrmir.n i um ac^'tate, 
pyr 1 oi r i MmaTTuti' ii.i um aceta: 

" ] — " y • o -.mrr,, ,r i , j", . ^ c o t. a t c , d L - 1 ii / 1 amiiLC :i 1 un^ areta^'^', 

r : yy ■ 1 i -■'^hy bam:Ti'"-nium acetate, but yle thyl ajTuTL'^n i um 

a.-:et ate, 

^ii'^ L. r.y 1 n-zi.^ y ] amm: n i um a '^'-'^ - ^ , te t rame thy lamm^onium acetate , 
" r a e " h v I am^mon i um 

acetate, tet r'apir jpy larraipan lum a re tdt-^ , tet raL^atylamm'-in ium acetate, 
dime thyili ethyl ammc^nium a'::etate, tr iethylammianium acetate , 
tr i pu' cjpjy 1 amumonium 
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acetate, tr ibutylammonium acetate, anij mixtures of any one c^r 
m-jre of the 

at'Ove. The cc^unt -^-r i-jn agent includes an aniijn, e.g., acetate, 
ca rt'onate, 

bicarbonate, p-hosphar e, sul f ate, nitrate, propi-jna te , formate, 
ch 1 or i de, 

p^erchl'jrate, c^r t'rijmide. The most preferred c-junteri-jn agent is 
t r ie thy lammonium acetate or triethyi ammonium hexa f luoro i sC'P^ropyl 
alcc'hcd . 

ESPF' : 

In d yet further aspect, the invention prc'vides a monolith having 
n'i'n-p'.j 1 ar 

sec'arati'jn surfaces which are substantially free fr'om 
■:" :'n:. ami nat i.on wit hi 

Tiiu 1 r. i valenc cati'jns. The monolith can i'O end jsed in a ccd urun or 
■: the r 

CL^ntOi mment system, such as a cartridge. The nL)n-p'jlai~ 
separ a t i'jn surfaces 

iriclade the surfaces of interstitial spaces within the monolith 
(e.g., a silica 

monolith ) , 'which surfaces are ccated with a hydrC'Carb-jn or 
rio::-po 1 a r 

s.„.ijs t i t ute'l ri:d.yr[Ler jr having substantially all sui fa'::e sukistrate 

■J I '.'..p..: 

reacted with a nc-n-piC' lar hydrO'::arbon or sut^s 1 1 ::uted nydr'jcar x.)on 
t 'Z'Up . An 

example of a suitable monolith is one which is -iler i vat i zed with 
P":ilyfunci:i'jnaLly derivatized C)'::tadecyls i iy] gr^jupv?. In the 
p^r'e f erTed 

emjL-Hjdiment , precauti'Ons are taken during the pr<j':tuc t i'jn of the 
monolith so that 

i: is sutista.nt i al ly free of multivalent catic^n '::c-ntaminants and 
t i. e monolith i s 

:. r^zared, fcr 'z:xaiLple by an acid wash treatment anci/c-r treatnient 
w i t 

n-.ultivalent caticn rinding agent, t(j rem.ove any residu.3i] surface 
iL-:al 

cr':\T amin.dnts . Th*=: preferred monolith is characteri zea having 

Of ar i c 1 L n r^'j.Z'^'i ^-^^c _. ^. 7;.- ; :-t'-cc-'' monolith 

■ '".-^1 r a ■ ■ ^ r i zea ioy 



^n'-^^^-'i- .=^^nr^:-f, the icresent invention is a methC'd fc>r tre.ating 
t rl^=' nc-n-p^:- lar 

cuiidCes r.'t a mocium used t;.,r separatin;:^ p-c lyncu 1 t i dps , such as 
the surfaces 

of beads m a MIPC column C)r the surfaces cf interstitial srac:es 
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in a monolxth ^ 

in Girder tC' improve the resolution of polynucleotides, such as 
d s DNA , separateii 

r,n said surfaces. This treatment includes C'^ntacting the surface 
w i t }"l a 

solutiC'n containing a multivalent cation kdnding agent. In a 
p^re f erred 

emb'jdiment , the scilution has a temperature C'f at'C'Ut 50. degree. 
C. to 

90.fiegree. C. An example of this treatment includes flciwing a 
30 1 u t Lon 

cc'ntaining a multivalent cation tdnding agent through a MIPC! 
ccdumn, wherein 

:.he scdut. i 'jn has a temperature of about 50 
'=-:■ .-iegreo . C. The 

rjreferre'i temp-e ra tur~e is abC'Ut 7 C'. degree. 
In .;i p'referr^z'd 

enik 'jdimenr , the multivalent caticn binding 
ccc rdinati'i-n cc-mpx^und, 
exampdes of which include water-solutile chelating agents and 
::'r C'Wn etihers . 

op-eci f ic examp'les inG-lude aceLylacetC'ne, alizarin, aluminon, 
■'■nhji am L i :* i :ud, 

riG'jic a.riii, m-i r in, rnc-i i Z'T^ni c acid, thronalide, chiijuiea, 
. 1 ;:.l\a. . - fc r' i h^n i m-^ , 

ni 'jxime, sal i cy 1 a 1 doxime , dimethyl g l yoxime, . alp'na . - tur i lai'jxime, 
up^f err C'U, 

. h 1 p'ha . - n i t r^ -o- . tieta . -napihthC' 1 , nit rc^sC'-F.-sal t , 
d i p ' e r: y 1 1 ri i -j. a i i:- a z C' n e , 

liplieny] cark'azccie, eriochrome black T, E'7\N, SPADNS, 
g^ly':-xal-bis { 1 -hydr-cxyani 1 ) , 

mur^x i :ie , , a Ipha . -t'enz.j i n^jx ime , m.andel i c ac i d, anthrani 1 i c acid, 
e t.hy 1 erie'i i aitii ne , ^ I yc i ne , t r iami n^ t r i et hy 1 ami ne , th i cina 1 i de , 
: r\i - r Tl y 1 e n e : - 1 1 am in--, e t h y 1 e n e d i airi i n e t e t r a a ■:: e t i c a i. i { E I) T A ) , 
:n-=:-.ilphrhE: l-m, 

arS'>ni':: acios, .alpaca., .alpha. ' -bip^;^'r idme, 
4 -hy':ir';'Xyj:H^nzL r.niazG' 1 e , 

V'^ir'jxyquinilaine, o -hydrtjxyquincd ine , 1 , 1 Ci-pihenan thrcd ine, 
pi 1 i rd c ^i^:*^ d, 

i vc:: 1 lie a:':-:i, .alp^ha., .alpiha.*, . a Ip^ha . ter"p)yr idyl , 
- " ■ ,d - 7 , ' , ~ - ' : : hy : ' " y - - - hr^ >jwrr>.- r ^^r-h, , ] ^ --^i xo.vl i.c 

■ d...-. ■ ^ ~ ^ A\^v^r-r^^ r^i^r -.^rit ^ob-CiZ>.".tn LaZ':: le, 

L Liil ' T r. i J. i ..1 f 

dir*--nzyJ d i th i ■'>cart)ama te . H'jwever , the most pi e t er i ed crieidL m j 
age: it. j EI'I'.-'a. 

Ir. iX.xz asp)'='::t -zf +:b-' invent i':'n, the soluti :)n preferably includes 
an o rgan 1 z 

solvent as c::om.p>l i f ie':i t)y alcr^bol, nitrile, dimethyl formamide , 



.degree. C. . tc* 
Cd t'Z 3 0. degree. C 
aaent is a 
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tetrahydrof uran^ 

ester, ether, and mixtures thereof. Examples of suitable 
sc'l vent s 1 nclude 

m^^thanol, ethanol, 2-propanol, 1-propanol, tetrahydrof uran, ethyl 
acetate , 

a>::etC'nitr i 1 e, and mixtures thereijf . The most p>ref erred .jrganic 
S':dvent is 

acetijnitr i 1 e . In one embodiment, the solution can include a 
C'junt er i. on agent 

such as Ic'wer primary, secondary and tertiary amines, and Ic^wer 
tr i a] kyammijnium 

salts, or quaternary animonium salts. More spiec^i f ica 1 1 y, the 
C':'unter icTi agent 

c a Ti tie ' J c t y 1 aiTLmijn i um acetate, o c t a (i ime t h y 1 ammc-n i urn acetate, 
d- ■:■ y 1 .airimc^n i um. 

a ■:; e t a t e , o c t a d e c y 1 ammo n i um acetate, y r i (d i n i umammc) n i um a ■:: e 1 5i t e , 
c 'yC L ■■: ' h e >: y 1 ■anonc' n i um a c e t a t e , d i e t h y 1 airimc' n i um acetate, 

r I y 1 e t h y 1 ammc^n i um 
acetate , prc-pyl diethyl ammonium acetate , butyl ethylammc-n ium 
ac-tate, 

me thy Ihexyl ammonium acetate, tet rame thy 1 ammonium acetate, 
let r aethy lanoTLL'nium 

a ^ .1 ^ , r L r ap r y 1 aiiLrm jn i um a c e t a t e , t e t r a bu t y 1 ammic n i um a. c ^E' t a t e , 
a ]ih>z-z. yd i t h y 1 amjric n i um a c e t a t e , t r i e t h y 1 amiru j n i um a c: ^e* t .a t e , 

* I I — tE ■ y 1 i itltt ' ^ ' I 

3 ■ e t a t e , t r i t- u t y 1 ammc>n i um a c e t a t e , t e t r a e t h y 1 ammo n i uiri a c e r a t e , 
L. I 1 apr ' jpiy 1 amETTLE^n i um. ace t ate , t e t rabut y 1 ammoni um acet a te , anci 
1 XT u res E t any 

'E-n-E- 'ji mc're uf the atc-ve . The e^ E'Unt er i E^n agent incdU'Eies an 
aniiE.n, e.g., 

a':etate, car bic^nate , i E:arb'E'nate , phC'Sphate, sulfate, ni t rate, 
pr':'pic)nar e , 

f'^rmat.e, L'hbEu ide, piei chlor ate , and kiromide. However, trie mcist 
pr^: for red 

: : ..nt--' r i E^n ecf-E n t is t r i e thy lanimiEini um acetate . 

It y-^r a further aspect, the invent i-E^n r'rc'vid^;s a method f(E)r 
s t^: r irr:i a m^^'Eii um 

\ES-'Ei f r setiarating r^C) 1 ynuclec't i les , e.g., the ]:)eads 'Z^f a Mih'C 

monoli th , i.:. '.u d-Er ^ imrir've the re-^(~ ] nt i on ot dt'Uico.e st.ian^Eifz-a 

- t^Ej - 1 'I : 'I'd csinE: the me.iiuyiL. I ee tte ^aS'E- l ci HirC ..■-i^.Cl:,, 
r r r e i : e .i : . • \ 

iuEdudes fl-E/wing a sriluticin iE:'Eintairiing a multivalent caziC'Vi 
t'li": El ing a g-^nt. 

ihr.^>igh t,ho ccduiTin p'rijr tr, stDring the ccdumn. In a f:)referred 
emht^E'diment , the 

multivalent cati-Em tiinding agent is a C'E,ordinat ion compound. 
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examples of which 

include water-soluble chelating agents and crown ethers. 
Sp'eci f ic examples 

inirlude acetylacetone , alizarin, aluminon, chloranilic acid, 
kc] ic acid, mor in, 

ihodi Z'jnic aci d, thionalide, thic'urea, . alpha . -f urildioxime, 
nioxime, 

sal icylaldoxime, dimethylglyoxime, . alpha . - f urildioxime, 
cupf erron, 

. alpha . -ni trc^so- . alpha . -naphthol, nitrC'SO-R-salt , 
c i p'h e ny 1 1 h i o c a rba z C'ne , 

dip'henylcart'azone, eriC'Chrome black T, E'AN, SPADN3, 
glyoxal-tds { 2 -hydrc'xyanil ) , 

ni\;r ex i de , . a 1 pha . -tienzoinoxime , mandel ic acid, anthrani 1 Lii: acid, 
e lliyl enedi amine , gl ycine , t r iammotrie thy lamine, thi'jna 1 ide , 
r r 1 -^r hy 1 enet. er. r amine , EE'TA, meta Iphtha 1 em, arsenic icr ds , 
.alpha., .alpha. * -t'lpyr idine, 4-hydri:'XybenzC'thiazciie , 
S-hydr^jxyquinaldine, 

8 -hydroxyquinc* 1 ine , 1,1 0-phenanthro 1 ine , pi ccd inic ac id, 
quinaldic acid, 

. alpha . , . alpha . ' , . alpha . "-terpyridyl , 
9 - m e t hi y 1 - 2 , 2 , 7 - 1 r i li y d r o x y - n - f 1 u o r c- ri e , 

r 'J'!' a : e'':h':« 1 , sa 1 i ■::'>' 1 ic acid, t i ten, 
A - i'Yi i ji 'i'-i , 2 - mer r^.aptC'k'en zene , d i th lol , 

'A.~- .:.:.::;2 1 :;nz: : n L 5; z:d / run-^anic .ri-iid, 'i^xaliz acid, 3'~'dium 
di ethyl ill Lhi^-rarbar'h'amat e, and zinc dibenzy Idi th i-jcaroamace . 
H'jwevef, rine rriCiSt 

jjref erred. 'Zhe lading agent is ELjTA. In this aspect of zhe 
1 nvenc I'jn, nhe 

S'jlutic-n preferably includes an c-raanic solvent as exemplified tiy 
al :-.:2':vls,' 

nitri les, dimethyl fc^rmarndde, tetrahydrC' f uran, esters, and ethers. 
The Rhjst 

rreferre^i 'jrgani'Z djlvent is acetCTii tr i ie . The scrlut^ion can also 

C'junteri'jn agenc such ao Iciwer piimary, secc^ndary ari-l terciary 
amines , and 

h''W--r ^ r i a 1 kyancnc'nium salts, or quaternary airinonium salts. Metre 
spenfizally^ 

t:.-:' c "'int e r- i ^n a-^ent can he ctctylarraiicjnium. acetate, 

'-^ a: , .1- : / I arrzT-ani ac-'-^ ate/ ad^:"ylanLm.:'nium a'Zez^ae, 

■n V ' ^ t t , 'Z y c i zT^ex y I dmjLt':M"i 1 'im a^'ezaZ'a, uie Ln y ^ -iriiMi'- ^ -^z. „ ^ _ j , 

r ■" y 1 '^tny : aZLiiif a i i -.la^ i ^.zr I a a , za:z/:z: '^hy^ -zc^''-^^" i ■ :im a'--'^a^'^, 
bz"^ ylet hy 1 amznanium 

a 'a e tare, m e t h y i n e x y i ammiz n i am .1 ^ L - , t: z ^ r a m a t h y 1 amm i ^ ^ tti 

t t r a e : h y 1 am^mz- mum acetate, t e t r api r c>p y I ammo n i um d c e t a t e , 
tear ab ... t y 1 amzLvan i umL 

a z e t a t e , d 1 me t hi y d i e t \\ y 1 ami' j 1 1 i um acetate, t r 1 e t h y 1 ammr) n i um 
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acetate, 

t r i propyl ammc)nium a^retate , tr ih^utylarruncnium acetate , 
te t rae thylamiriijnium 

a<"etate , tetraprc'pyl ammonium acetate , tet r abut ylamirnjn i urn acetate , 
arid m i xtures 

c f" any c^ne or mi^re c-f the above. The cc'Unteriijn a^jent includes 
an ani(j2~L/ e . g . , 

acetate, carb'jnate, bicartionate, phosphate, sulfate, nitrate, 
p> rcpiijnate, 

f'irmate, chlC'ride, perchlorate, and brc^mide. Howevei', the mc'St 
p re f er red 

C'junter iC'n agent is rr iethylammonium acetate. 
IiEE'R : 

The mO'iiuirL i-an t^e enclosed in a cc-lumn. In ijne emtiC'dimen t , the 
n-i'n-pii-;' 1 a r 

surfa'i'.es C'l-mp'rise tne surfaces of tiea'ls. In an altei'native 
embC'diment , the 

sur-fac^.es C'l-nip'rise the surfaces of interstitial spaces in a mcd-ded 
monolith . 

For purpioses of simpdifying the descr iprt i<jn C' f the inventi.L'n and 
n t tiy way j f 

liniita^ i':.n, I'r.o. sep> i.rac 11 n of p-L* lynuc lec^t id^E'S using n'jnp)orcur- 
r-eadc , ana t h-? 

cu •,:p^-^i V 1 c:\ :f su^v"^ riPii:^, will rv- prircLarily d'Eiscrit^ed her-"i:\, it 
t'O i ng 

uU'ler s t'j':-:! thit 'I'ther sep'aration surfa<"'es, such as the 
i nr. or s c i t i 5i 1 sur faces o f 

monoliths , ar- imiended to be included, v/ithin the S'^'.i"'pie of this 
i nvenr. i'jn . 

Monoliths such as derivatized silica gel rods cC'ntam sepiara ti<jn 
n;edia whi ch 

h-.v^ Ijeen f'jrmed inside a cc-Lumn as a unitary structure having 
tnrcu^rh p'C'res C'r 

1 n: 'rrc^ :. L t i .E: 1 sp'^.res whi::h allow eluting S'"-lvent and analyte to 
r.e^ss :.hr::ugh an:l 

wnicn pirivi-iie the nr^n-p^jlar sep^araci:-n surfac:e. 
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monolith .-..sh a 5 a r~i-lik'^,^ monolithic ""CMiiTi: 



1. '-' Ui i 1 



^E'r int^E'rstitial sp^aces pr-E-vide for the passage of 
'Ed ..ti nEf S'Edv^-nt 

auEi analyse tt^i i. . The seiaratiEn is perf'^rrr^pd on the 
s t..r.t i jiia ry sur f a.E:e . 

The surfa-E:e can cie pEir-E'Us, but is p'referal;ly n ETip^or o^us . The form 
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and function 

of the separations are identical to columns packed with beads. 
As with t'oads, 

the pores contained in the rod must be cc-mpatible with E'NA and 
noz trap the 

material. Also, the rod must not cc-ntain contamination that will 
trap T'NA. 

DEPR: 

In L-ne emb-jdiment of the present invention, the sep)arati ijn medium 
i s cC'Ut inU'jus 

monolithic 3ilir:a gel. A molded monolith can be pirepare'i by 
pC'lyTTier ization 

within tlie ccTifines C'f a chromatographic Cjlumn (e.g., t^: form a 
rod) --r cither- 

c-jntainment system. A monolith is preferat)ly 'jbtained k^y the 
hydr cd ys i s and 

p':d yc'i^ndensat ion ot al kc-xysi lanes . A preferred monolith is 
der ivatized in 

ordtivr to prc'dtice non-pctlar interstitial surfaces. Chemic^.al 
modi fi cat ion of 

sili>ra monoliths with 'jcatdecyl, methyl -or C)ther ligands can be 
car : i ed ^ -Jt . 

An -rxamcd f a preferreci derivatized monolith is one which is 

d^:-r"i vat i r.O'l wi th cic tadecylsilyl grcaips . The preparation of 
oor Lvat i 'od si lica 

monoliths is oy C'jnven t ional methods well known in the art as 
de3'::r ilne'-.i in 

Exampde 15 and in the foll'jwing references which are her-:t)y 
inc : rpM:.rateo i n 

their entirety here:in: Nakanishi, et al., .J. Sc-l-ijei Scd . 
Te:nn.: 1 . 54 7 

(199^); :Ja:<anishi, et al., Bull, Chem. Soc. Jpn. 57:13^-7 
i 1 :^ ) ; i.'aijr er a, et. 

5;!., Trends Analytical Chem. 17:50 (1998); JinnL.-, et al . , 
Lhr'; matc-rr.-ip'hia 



n^n-o-„inr, l . v,.: t, . z ~c o^^^.^a monol i th 



^c c " f ' ' i:' ] f 

lu i n ti t. e j_ J. Wc: ' J. L' J ^ ^ ■ . ■■ w 1 n _^ me t. n a n ;j j. t ' . i ■ ^ < j i . i . ~ . ■ ■ ^ ■ ^ii.i . 

^ i ^- 1 c for 

I-..- minct'-s. The nfjn-p'jlar monolith ::ijlumn is W:isiiea rurtiiei- 

L 1 w i 1 1 i 

mixture ccattaining 100 mL of tetrahy Irof uran and 100 mL of 
crjiicen t rat e :i 
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hydrochloric acid thr(:.ugh the column at 10 mL per minute fijr 20 
minutes . 

FfjllC'Wing this acid treatmLent, the monolith column is washed by 
f lowing 

tetrahydrof uran/water (1:1) through the colujun at 2 mL per minute 
until neutral 
(pH 7) . 

E'EPC : 

Preparaticin of a Silica Monolith 

CC'JP. : 
210/198.2 

'jf t'L : 

i s n i 6? t a 1. Double Pore Silica Gel Monolith Applied tC' 
L i quid 

C'hi C'mat'jgraphy , J. Sol-Gel Science & Technc'logy^ vol. 8^ pp> . 
547-552, 1997 . 

ORE'L: 

Petrv) et al, Molded Monolithid Rod of Macrophrcius 

P-: ly ( Styrene-CO-Di vinylbenzene ) as a Separation Medium for PHLC 

or Synthtic 

P._xym-ii:. . . . , ZiUclytical Chem^ !^^ry, 115-121 (1996). 
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DOCUMENT- IDENTIFIER: US 6245227 Bl 

TITT.K: Integrated monolithic microf abricated electrospray and 
1 I quid 

cnrcniar ograp-hy c yst em and meth(j(i 



TTL: 

Integrated monolithic micr(D fabricated electrospray and liquid 
c h r o m a t ' J g r a P' h y 
system and method 

ABPD: 

Avi elecLrC'Sp'ray devict^-, a liquid chr'jmatijgrap>hy devi^^e and an 
e 1 ect rc'spray- 1 Icjuid i::hromar.:)ijraphy system are disclosed. The 
e i ect rC'Sp^ra y 

devi'i'e ^:C'mpj: ises a substrate defining a channel between an 
entrance orifice on 

an inject ic'n surface and an exit cirifice on an ejecti'i-n surface, 
a nozzle 

aefineo k-y a p":'iti':n recessed frc-m zhe eject: 'jn surface 
iur r^'Unoii ng tne -xi t 

-^liiic^f .^lA .^n eh:-rzrcie f^r apiplication of in electric 

5iah'S t ra t^:- ti:' '.>pitimize and generate an electrospr'ay ; and, 
:p r. icnai 1 y, a-:idir,i':'nal 

e 1 e r :-:ie ( s t furcher mtjdify the elect rc^spray. The liquid 

cnr jm.a t^j'iirapiny 

cevic-e ccmp-rises a separati'jn sut'Strate defining an intr-j luc t ion 
:-nannH' 1 

}j'i'twe^:'n an ^'-ntran'r-e cri f i<::e and a reservcdr and a separation 
t ^nne 1 i'O t we-;*n 

:r:e reservLur anc: an exit C'rifice, the ser'arat.ion criannel toeing 
p :p.uDat-:i v;i t!; 

sep'arati:n p^osts p erp'endi'ivu i dr t'.' the fluid fl:v;; a cC'V^:=^r~ 

:: '-p' =: r^ t i nn sulstrate to enchi-se the reserv^jir arnd the 
p^r.^C i :n -h inn el 

j.:i:d:--'n: ^r,- "-''Vei sv.t sr. ra te ; an^ii, op^t i'jnal iy , e lect rc-de ( s ) for 

-\--.'ri:' p \:Cd 1 th-? fluii. Tne -'Xi^ .-)r■ifL^:e c. t tne 

i r .")m^t 4: iphy device n^^y '".-jm j j eneous i y iriLt^ r r lue-.: 

cf th-^ ^ h:' rtr'jspray device t^) form an integrated single sy^.tem. 
Ar. array .:)f 

m'..iLit'i^ systemiS ncay b^:-. fa!jrici^:^d in a single monolithic chip 
f^-r rapid 

sequential fluid pu'Cjcessing and generation of electrc-spray for 



12/18/2001, EAST Version: 1.02.0008 




subsequent 

analysis, such as by positioning the exit orifices of the 
e 1 e c L ro spray devices 

near the samiiiling orifice of a mass spectrometer. 
F'CPR: 

This applicati'i'n is related to copending U.S. app'l-i cat iL^n Ser. 
No . 

09/156,507, entitled INTEGRATED MONOLITHIC MICRO FABRICATED 
ELECTROS DP AY 7\NE) 

IJOUIE> CHR0I4AT0CPAPHY SYSTEM AND METH(OD, filed Sep. 17, 199&. 
BS'F'F; ; 

The piresent inventiC'n relates generally tC' an integrated 
juin i at ur i zed ch'jmical 

ana lysis system f al:>r legated using micrijelectromechani cal systems 
(MEMS) 

techncd-jgy . In f^articu lar, the present inventic-n relates to an 
integrated 

monolithic micr-o f al:>r icated electrospray and liquid <::hroma tiigraphy 
device. This 

a^rhieves a significant advantage in terms ctf hi gh- throughpiut 

analysis hy mass 

sL'-ct.r "jriie ■. I y , as us^'d, tor exam.pde, in dru'^ discijveiy, in 
c iTivent i oria 1 syst em . 
P^S F'F' : 

In all ot ^ne anHi.ve-destjr ibed devices, edge-spray incr frc-m a 
monolithic ■shipi is 

a f-i'^rly L'C'nt red 1 ed prc^cess due tC' the inaloility to rigc'rously 
and repeat ab Ly 

dete-rmine th^^ physical f'jrm of the chip's edge. In another 
emt'C'd i rt^ent o 

:i if^'- sp'r iV i res eje-s^ii-in nijzzles, such as small segments 'jf drawn 
:3p i 1 1 ar i es , 

are sep-arately and individually attached to the chip-'s eoge. 



i nh- r •-y.t. 1 y cos t - i ne f f i c i ent and unre liable, imp'jses spac^e- 
y : nst r a i rJ s i n --hip 



V'".^ f -iT' r i ■ '-'^ L i'jii ot the el ec:trc'Sp'i dy device I t ; wi i. i n^^oj 
■.■ai:.' 1 o it - v: i ^ n 

r -^^- fer-:-rice ^ r, EIGS. 9A-20B. The el ect rc-spray device lUU is 
pi e f e r 1 y 

r ai'ti -jite' i d-r- monolithic silir.on integral- '=^d i-^ir'cuit utilL2:ina 
est dh 1 i she'll/ 

well-contrc'lled thin-film siliccn processing techniques such as 
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thermal 

ijxidation, photolithography, reactive-ion etching (PIE), ion 
i mp 1 an t a t i c^n , and 

metal deposition. Fat-rication using such silicc^n processing 
techniques 

facilitates m.assively parallel processing of similar devices, is 
ti]T:e- and 

cc-st-ef f icient, allows for tighter control of critical 
dimensic'ns, is easily 

rep'roduii-ikd-o, and results in a wholly integral device, thereby 
e 1 iminat ing any 

assemt'Ly lequi rement s . Further, the fabrication sequence may tie 
e a s i 1 y 

extended t'l' create physical aspects or features c-n the injection 
cur face and /-^r 

-^ectic>n surfa-z-e ot the electrospray device to facilitate 
1 nt er f ac i ng arni 

c^■nne■:• t i on r.:, a fluid delivery system or to facilitate 
integratic'n with a fluid 

delivery sulj-system to create a single integrate'^ system. 
DEPF;: 

Tne abj\^e :iesc r- 1 r^e^i fat^rication sequen'::e f'jr the e 1 ect rcispr ay 
:i-vi CO ] 00 can 

■:C:.E-:!y -^.wry^^^-o HVji is -^pp I i cab 1 f'ji the s imu 1 1 aneC'US 

f at'r i ^-at ion jf a 

sin.iile monolithic system, comprising multiple electrc'spiray devices 
1 riL'lU'iirig 

mulcir'le ■jhar.nels and/cr mLultiple ejection nrizzles emhiodied in a 
s 1 ngl e 

monoli thic substrate. Further, the pr-jcessing steps may k^e 
m^jdi f 1 ed X.O 

fai'iiL^ate similar or different elect re^spray devices merely by, 
example, 

ifyir.::^ th- ] ay-jut design and/c>r t^y >::hanging the piijlarity of 
pncit 'jmasfi 

ul i 1 i2inL[ negative-working fih-ot n-res i s t rather than utilizing 
i r i ve-w.-udiing phot'jresist . 



: . : : z--.::. : \ i \ . ; / 0 ' I - ~ y b*^' ^ monol i thi c 

■ii r ect. ly ^jr 

:n::ir-:c:t : y \ ^ v::" ^iCi-u..,'- wL..:b.:.. .1 to::.; c 1 c r'" r - 5p ^ ^ 0^-^ 
Th^^ 

i^pstream fiu^i d-'iivery device :^io may b--^ d ^:xli_c*on 
'i! i " \ cr-:\i i p - base i I i quid 

separati'i^n device capable of, for example, capillary 
ele'.; Li oph'jresis , cap;illary 



foe 
tne 
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electrochrijmatograp'hy , affinity chromatography, 1 i quid 
chromatography (LC) or 

any other cC'niiensed-phase separatic-n methods. Further, the 
up'St ream fluid 

delivery (ievice 31o may be a silicc-n, glass, plastic and/cr 
P'r. I ymer teased 

aevi'r.e such that the eiectrospray device 100 may t^e i^nip- 1 ij-chip 
c r 

wafer-to-wafer bonded theretc- by any suitable methoid. An example 
of a 

monolithic liquid chrc^matography device for utilization in, for 
e:-:ample, the 

single integrate'! system 316, is descrik^ed belC'W. 



The s i 1 ic-on-iiased liquid chromatog r'aphy device 400 reduces the 
5 1 z^: c f a 

tyrd-i-al liquid chroma tcigraphy devi'::e by nearly tw-i' orders of 
magni tude . The 

'limens i'jnal sc:aling may prc'vide the advantage C'f significantly 
reducing the 

^Tiass C'f the analyte and/or the volume of the fluid sample 

r •;• J'.; i r e :i f 1 ^c-:'ur ^ t e 

?c\3 lysis. Further, r)y reducing a macrc'sc^jp' ic septal a L il'U -zolumn 
=c'- c i " r. p =i 1 : ic'i 

materials t'Z a monolithic device, the liquid i::nr'jma tC'grar'Uy 
■:M"vi c.e ^00 -z.an be b. 

i:''jmr>:jnent of. an :>n-chip integrated system. 
FEFR: 

F-:.f errin'7 r.ovj to FIGS. 30-:- j, alth^jugh the liquid chromat c-Lfraphy 
■:ievic:e has 

ij^en -lieS'Zr iiiezi as zc-mprising a single reservoir and a single 
o-p ar ar i or 

:'h3nnel, th.e monolithic liquid ch romatz-graphy zlevice may ho 
easily aii-=i[:>:. cr'i and 

Zbz:iifie:i I'- rzimp'r-ise multipl-'S zif the li.^uiil cnrz^ma tz^grar^h y 
■i'^^v i ce and / 'Zr 

mMlM.r'l^ enrranc^z orifices, exit z^rifices, reserv^ars ana/'-jr 



tFz.z : 

Th':' f zl^r i c ^1 ^ 1 '"^ri -''f ^h^^ liquii ■*:hr:jma toaraph y device z>f the 
pr-sen t invent i on 

v;ill nzw k)Z explained with reference t'-i FIGS. 36A-46G. The 
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1 iquid 

chrc^matography device is preferably fabricated as a monolithic 

sill con micr o 

device utilizing established, well-controlled thin-film silicc^n 
p»roi::ess ing 

techniques such as thermal oxidation, phc-toli thography, 
reacz i ve- ic-n etching 

(rdE) , ion imp'lantat ion, and metal deposition. Fat^r icat ic^n using 

such SiliCCTi 

pr'jcessing techniques facilitates massively parallel pirocessing 
of similar 

devices, is time- and cost-efficient, allc-ws for tighter control 
■:'f ■-ritical 

iimensi'iTiS, is easily reproducible, and results in a wholly 
i n: egra 1 dev i. ::e , 

theret-y eliminating any assembly requirements. Manipulation C)f 
sep'a race 

C'jmp'jnents and/'^r 3ub-asseml:)l ies t'j build an liquid 
chrc'mat'jgrap'hy device wi th 

hicfh r el iatii lity and yield is not desirable and may nijt be 
p'jssible at the 

micrometer dimensions required for efficient separaticin. 



T!.: ^lozvo de 1 b(~d f ah r- i ca t ir)n seaiien^-p for the liquid 
i:hr:jmat':'grap>hy 'ilevice 

m':iy tie easily adapted tC' an^l is appdicable for the simultaneous 
f aru-i r.ation ijf 

a monoli thic system comp-rising multip^ie liquid chrcma tograpihy 
■:levi ces in ::lu ding 

ncd. tipile reservjirs and/or multiple separati'On channels as 
descrir-ed atiove 

emb'jdied in a single monolithic sut»strate. 

:C jR: 

210/198.2 
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DCMriMENT-IDENTIFIER: US 6238565 Bl 

TITLE: Monolithic matrix tor sep^arating bid-organic mole(:ules 



TTL: 

Monolithic matrix f-jr separating bio-organic molecules 
AE'.FT.: 

The present inventic-n provides monolithic polymer matrices for 
the separation 

of 1: i r.-.jrgani c^ mijlecules t-y liquid chromatograp'hy . In one 
'z'ai'i-'iiment , r he 

n.atrix is f'"rmeil fi^im a p-clymLeri zat icT: mixture inclu<ling (i) a 
hydr -rphc'h'ii:: 

n^'in'^mer, (ii) a crC'Sslinking agent, and (iii) a piorc'gen ij:: scilvent 
or iTiixture 

P"jrC'genic C'l'inp'onent s . The monolithic matrices of the invention 
a r e 

r-art i irulai-ly usefui for resolving polynucleotides (e.g., DNA 
ind/c-r RNFA) in 

sampd es r^y vvriy o i i ever sed-r-hase i-:.n-pai ring chrijma tL^graphy . 

::■ t ' r . : 

The piresent inventi'i^n relates tC' the separati'jn ot bi<j-or gani':: 
m^:- 1 ecules . In 

p-ar t i :uha:;, che invent icTi provides a monolithic pcilymer matrix 
for the 

separatic'n ■: f p^^j 1 ynuclet-t itles by reversed-p-hase ion-pairing 
:;nr'::ma t'^graphiy . 

ir i FT. : 

Tne at'ijve thec^ry reh^ting to beds 'if packed p)articles is not 
I -. r t i'-.h- r ly 

^:ief\:l f^^r piedi:'ting the b^'havior ot ma'::r':'mo i^cule^ m 
: :n^ inucus monolithic 

roic, wh-ie i^iass tr^^nsp^irt may 1:^*^^ i c'^mbination of diffusive and 
O'jrojooz ive 
r r . ' '^- 'r s^=^s . 



\ - . ' . . ^ . w ;.. . ... . ^ . . , * : : monoi i th i c ■ ^ : 7 . 

ji: t-n i::ing p-o i ynuc i 'jo 1 1 , is o^z^soo m pai t on i::^. ■v-.^ 

: : . . t monoliths 

rroviae leducied p^ressure drjp)S ::or r espi jndirig tO' t.he use l.-! 
iargep'ar t icl^^ 

stati'i'nary pnases while maintaining the sep)arati'jn resolution of 
0 '0 1 umn s p-' a c. k ^ d 
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with small spherical particles. More particularly, it has been 
discc vered that 

reversed-phase monolithic matrices can provide an imprc'ved method 
tci the hi'^h 

sp'Oed sep-aration of DNA molecules and that such separations '::an 
be p'er formed 

with high rescdutic-n at greatly reduced operating pressures 
c-'i'mp'ared t o 

p-reviously available meth'jds. This surprising finding nc-w 
p^ermi t s the 

h i gh - rescd u tic-n sep-arat ion of pcd ynuci ec't ides under cc^ndi t. icins 
n.:.t pijss ikile 

with p'reexisting t^E'chnc- bjgy . Mc-reover, the monolithic ccdumns of 
^ne pr esen t 

inventiO'n -i^an be -^-'jiiS true ted with static^nary pihase geijmetries 
i jr. i f i cant: Ly 

aifferent than these available with packed Ijeds. The effects ot 
such n'jvel 

gec'iTietries oyl the separati-on of niacr-jmfjlecules have nc't t^een 
pue 'dieted so far 

t ' y r u r~ r ■ e n t c ti r m a t 'O g r a p h i c theory. 



T^- monoli thic c:':iumns o^f the present invention pr'~>vide all ot 
ene aoivan;. .:i'J--s 

cf rhe prreviL'US t^est techn'jlC'gy ffjr p.olynucleotide sepiara t i 'jns 
(I . e . , piackeo 

hods of alkylated nc'Upor'jus prdyTtier t^eads), withc)Ut the neO'l tc) 
tedi'jusly 

puetare beads and p^ack them int'j efficient columns. The c^j lumns 
produced t.y 



ene '::urren:. inv^inticTi are easily pirep^ared using simpile puC'::e 

P'repare'd, :'ann-:'t fail thr^jugh shifting wirhin a pa^i'-ked t-ed 
C'Os^uso ir.oro aie 

i:L:iividual Ijoads to shift r^jSition. 



I:; SiOiizAoYi ".o th^f- impu'cvei ease of iT'anuf actur ing of the new 
:: ;-::u .::.ir:^ii,, ; :m monolithic .r.::o- I--.-.. :.'.]■■■ 'l ^ r - : ^t"" 



sses 



L'liti'ji I e c 'J 1. ..L !■„ n tnaii ^:hat •C'Xp;eC'. ea r^'i -i ■ '.■hiii:.. i i ..a ..c 
r'")rn;al i.zed f jr -jf ler a t mg piressures. 
5 SET.: 

C'ne aspect of the present invention p^r^Dvides a methc-i for 
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reserving a mixture 

CL'ntaining at least one polynucleotide (e.g., DNA and/o-r RNA) . 
Ar.C'jrdmg to 

tho methC'd^ the mixture is passed through a monolithic p'Clymer 
matrix held in a 

3tatiL>nary fashion by a suppc^rt . The mixture is sep^arated by 
i'l'n-pair 

rever se-phase chromatography . 
BSPP : 

In one emtiodiment, the monolithic polymer matrix has hydrciph'jtdc 
3u r f ace 

gr'jups. The monolithic p)olymer matrix can t-e comp>rised, at least 
m part, -t 

pclymer selected frc^m the grC'Up cc*nsi3ting C'f p'Cdym.e tha^'ir via tes 

a 

polystyrenes. In one emh)odiment, the pcdymer is a 
pc 1 yiTLethacry la te . 

PS PP.: 

AcCL'rding to one embic-diment, the monolithic polymer matrix is 

f ■: rmoLi f r-r^m a 

p< lyiTL^ri iz5iL i'jn mixture: induding a hydrophcibic mc'n-jmer, a 
■:" re s s 1 i n 1 r\>i a ■ rent , 

5ina a pior-:-gei.L . IriH: pujiuu^n ni-ay be ii] p^cecgoni^' orOT.r.--^ Mii 
i mixture of 

p^r^jgenic S'jlvents, or (iii) c^ne or m^jre porc-genic solven*:s 
r'jnr. aininci it least 

:ne p":lymeric additive that c-jntributes to p'C're f^^rmati'i-n. The 
hydr C'phclj i 

noriMTier :: in :oe in alkyl methacrylate . 
E Pr. : 

In .jne emljC'Lliment , the meth'ja further includes the step ot 
r-j.-.sing an eluant 

rtntaining an bjn-p)a i r ing agent thrc-ugh tne monolithic matrix. 

Th-^' sep'ar 3; t i 'tn 

1^ -yarriol ■.-••^L under the driving fc-rce c^f reasonat-le p^ressure 
(e.g., less 

r n ^1 H lUt "l' , 0 jO piSl ) . 



monolithic picdymer m.itrix may fill a channo. i'_rn:ec in ■ 
tik- the f'j!:m ot a thin film on the plate. 

Another asp-ect of the mventi-on pr(jvides a ciir ijmatograp;h i :: 
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app-aratus comprising 

a support holding a macroporous monolithic methacr ylate-t^ased 
pol ynier mat r ix . 

In one embodiment, the pC'lymer matrix has a hydroph(jt)ic surfaoe 
cap'at' .1 e o f 

1 liter acting with hydrophc'bic groups of an lon-pairinq agent for 
resc'l ving 

pC'lynucleotides t-y reverse-phase ion-pair chromatography. The 
P'C'l ymer matrix 

m.ay have a rehatively high void fraction (e.g., greater than 
ab'jut 0.6) . 

r S E'F. : 

In an^jther embodiment, the kit includes: (i) a monolithic polymer 
n.at r i x havi ng 

hy':ir'jr'hcii:' i c surface grijups held in a statiijnary fashic^n by a 
sup'p'jr t ; and ( i i ) 

an i'jn-pai r mcf agent capat'le of interacting with negatively 
charged pbi^jspbia te 

Q::oo.po of the P'jl ynuc 1 ec't i des and alsci with the hydrijp'hijbic 
surfa're gr^juris of 
r.ne mi^nc'mer . 

ri!'. 1 IS :'h r r^ma 1" CMji- sni -howmq the sep-aration jf 
cd ig<jth>^:i'iy 1 ic a ends 

r-er.wetr'n 12 to I'o units iri length on a C.6 monolithic column 
o -ns t ruct e'l i n 

a r'lance with an emlnjdiment of the present inventiion. 
ijRr'F.: 

EdC-. lA is a I'hrC'matC'gram shc^wing the separation of 

ukde-s: r-mded DNA 
fr 5:':rments jn a C12 monolithic column cc-nstructed in a^'Ciji danc^E^ 

'?mbC'dament jt tne p>reserit invention. 



'■I, }A is a rhr-'i'm.at-: gram shC'Wing the separati'jn c f nti^mijciup'i'; 
:a fi -.gTT:-nts 

-:r c. p. :i ^ : ._ .... ^ - .. .. / A, ' o , : c monoli thlc ] ^ ^ ur^n 
:..-.r r lO" m 



F:?'. 3B is a ■:':hrC'matogram shc'wing the separatic-n of a mixture 
■ntainin':( tne 

sriire lyp'-' '^f h'')m;'dupl ox DNA fragments nf FIG. '-lA as well as a 
V r i a n t s e q u e n c e 

I'l-ntaming a single l^dse p-air substitution on a porous monolithic 
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CI 2 column 

cciristructed in accordance with an emt»odiiuent of the present 
mventiC'n . 

OEPR : 

The present invention provides a monolithic bed, an(i methC'id of 
making and using 

the same, fc-r resc'lving bio-c^rganic molecules. 
uE F'P. : 

Any suitable cr<jsslinking agents known to thc'se skilled in art 
may be empbi^yed 

in t'jrming the monolithic matrix of the invention. Preferred 
:• r : s s I i n k i n g 

m-: n':'m^=' r's oi'ntain at least, t'wo carbL'n-'::ark)''^n dc'Uble tnjnds c:ap'able 
i 

i::-:d ymerdza*: i c>n in the p'resenc:e ^f an initiatC'r. Exemplary 
CI ': ss 1 inking 

m-jnc'mers inc lude ai vinyl t)enzene, butadiene, t r imethy I'j 1 pr^jpane 
t r imethacry 1 ate 
(TFdM) , et::. . 

PEPr,: 

r IPdM-t' -'ij po 1 ymer i zat i ~^ri mixtures , h i gh 1 y piermealol e 
monoliths .viii icci^it, 

f r exampd-:-, fr^r^m the use of piure l3CM~)ctane as a P'ji'ogenic 
z'l 1 vent . L': wer 

c - r n.e abi i i ty w^ill result, f'Z^r example, frc'iii additi'jn cf 5-20 of 
r th-r 

S'idvents, such as 2-ijctan(jne, tcduene, and/or ethyl f^rofuicriate, 
to the 

i S':-: c tan-:- . Permeabi li.ty may alsc' k-e reduced by increasing the 
r hzic o f 

hy :ln:-ph'jbi':' m'jn'jmer t.o <.:ross linker , and ijy decreasi ng tne 
t: r i r 1 1 n oi 

rcu'' genie S'idvent in the mixture. Addi t i'^-nal 1 y , the 
i Ti i t i at'ic Kiay be 

-^^-d 1.0 '.I mccnc " C'-^nt r^^d ^he x:.>ore distr it^ut ion . 



monolithic o'\^-:y >-^^i^--y~oH 



.:.'_iv-;nt iji lu^Alai*- ijO r.>":.roa-rn^ o owo' .^iO. r , ... : 

exanxii'E!, a p^jlymer i. z itii^m ndxture w,db prer)ar^=^a us-Lng 
L r i n.- thy P: i p; i-o]y i.ne 

t rir!:'e:tha::u -j^lat-r, an alkyl methacrylate, istjocitane, and 
a z 1 J i s i s oh'.i t v r l' n 1. 1 r i 1 e . 
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The mixture was poured into an empty HPLC column tube, cap'P-ed, 
anti polymer i zed 

at 65-70 . degree . C, for S-2'5 hours. The p'jlymerized matrix was 
then equippe'i 

with endfittmgs and tiushed with sc'lvent lemove unrcaoted 
::-jmpC'nent3 . 

DEE'R: 

A typical monolithic column constructed in accordance with the 
p- resent 

inventic'n will have pores in the less than 5,000 nm range, ^lown 
lC' about 10 nm. 

The size of larcrer pr.res can be determined usinq very larae DNA 
5nob:.r 

.1.1 rr-jsc':.^' 1 ■:: exam. Fi^r cxamxde, th-^ columns of the mv^e-nti^jn nave 
t'-;-;n us-^-:i tc- 

sep-arate ONA ^iroducts 'if 2,072, 2,647, and 3,147 r-ase r-airs in 
length. The 

largest of these would C'jrresp'jnd to a mijlecular size of at. lease 
1 micr<jn. 

Acc-ordingl y , the monolithic column used to separate this LiMA 
w:-uld be exp'eL:ted 

t; incbuiie p-^res having a diameter of at least 1 mii-r^jn. This is 
1 ^irreement 

wi::; pi*;- r m^- i 1 ; : s ...1 ^t n a ^ inohar-^ an app^ror.t rt-ir-ficle 

di ante ter' o f 

mi:'r:cis, or a pic-re size of ak-^ut 2 m^icrcms. Mi'::ri:'SC'jpic exam 
r^-veale^ii that a 

tyrdcal niatrix of the inventl^^n includ^'S sm^ll Lrbjt'Ules of at)Out 
1-2 mjcrcns ir: 

ciauLeter tnat a.re fused int^j c^jntinuc^us structures with r)cres in 
th':- 1 - Z- HiiorjV. 

.:LZ": r^no^. This is C'Onsistent with the estimated t^jre size 
b.5.se:l r:\ 

::;m i it/ ■:\ro Dl\A fragment ch rcana t i~)'^r ar^ny . 

ZiEET. : 

jv.zo r.r-: 1 1: t'? i, "-Yie monolithic matrix of the Invent icn Is useful 
t : r r e::. ..'1 v 

1' 1 - r-:fan i iio^lo yui f fjt ^^xeimp^le, by gradient or isc-:'rat i :: 

: . : : :t :i :. : :.| r .u.^' . / . In ^u: exeiiu: ■ 1 ?i ry u^r>, ^ cc-lumn <"j f : ne mvenci^jn, 

^i-'' "uu i .'ir'')V-, 1^-. --m]:)! jyC'l :. j Jaiiy 'i-ut a sepa n ci . i i 
p:u,nu.:ie.t 1 

^ - 1 '"--'d m a ssmipl':'. In one emlo^jdiment , v;ater ana 
ace : on i tr i lo , h j t:h 

:: on t a in 1 n :r i i-p.-, i r ing a:f-:.nt, are used in gradient liquid 

I'hi'jma: I'gr ap'hy to 

elute p'Cdynu ::leot icie.s injected intj the column. 
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DEFR: 

A variety of support structures may k-e used with the monolithic 

mat I ix o f the 

mventic'ri. For example, C'ne emtiodiment contemplates the use of 
an olc naat ed 

column tube. In anc>ther embcMiiment, the monolithic matrix is 
held in the lumen 

I'f a capillary tube. In these embHodiments , the matrix extends 
acr C'SS the 

entire crc'ss-sect ic-nal area of the tube. The tube may be c^f any 
ies i red 

cr'iss - sect ion, e.g., circular, polygc-nal, or cither shap^e. The 
monolithic 

niatrix may r-e pclymeiized in situ within the tulie, or it may oe 
f 'jr me-i ^^ut s ide 

■:'f the t.uk'e and then inserteci by any suital'le means. 
[lEFR : 

In alternative embiCMiiment s , the monolithic matrix is (i) held in 
a rhannel or 

.^rr.r-vo ■"■u a td a t e , or (ii) appdied as a thin film acrciss a palate, 
Whi le :he 

monoliths ■'■t the invent ioin ni.^iy t^e p-r^jvided on a siibstra^.e oi 
supp-jrt mg p' i ate 

■:'f virtually any size and ccimp'C.sed of any suitarde material, :ne 
-■mt'-: liment f 

rne pires^-n:. invent i-i^n :'C'n tempd at es using a suppic-rting p'late of a 
s t an lard s i zo. , 

which can ho cc'nstructed using cionventional materials anil means. 
Thus, in this 

emtodiment, in injection m(:-lced rectangular plastic plate, the 
l-^ngth an::; width 

■:f which .:'.:^nf -:'rm t the cjiiLmijnly Uc-e-i stanciard of 
' , ■ ' . : im-:. . : . :c.o" (127.76 

njTL ini ■r-^.--;7 mjiL) , is pu"eferred. Similarly, while a sincfl^: p^latc: 
may sup'pc' r : 

a::y r^z'-zic ^j:.-.ole numb=: r of sites, •'^rTistruct i'jns cc-rr espiondincf zo 
: n-' :''jmmi'':;l y 

:—-'■] " ^ f.- W-- 1 1 " Hii^:'! :■ 1 1 tor pdate fc^rmat ^re p'referre i. Thus, '^ne 
ij r L en '^i a 



-r^r-o^-^ rd^^^-='. ^ar--. sir^ may sutipior:. ijne cu iiioio sep'arir::^; 
monoliths . Ih-j 

p- jiti'sr. ^pt^.-dri:;i (>f rhe sites on the supipc^rt plate may be 

St dridar'a, fis we 1 1 

ie.g., -pa:::e-:l alc-i-ut ^* m:m centei - l M-c^^nter ) . 7t i Ii zat ^ ^"'^ f 
5 1 a r 1 d a r outside 

dim.ensio'us for the r)Iate trame, as well as standard spjacmg for 
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the sites on 

the p'late, facilitates use of the plates with existing equipment, 
sU'i'h as 

autoniated dispensers or optical readers, if desired. It should 
be af'p>reciated 

th.it such an ap^paratus is cap^akde of handling multiple 
s imul taneous and 
paral lel sep'ar at ions . 

E)EPR: 

In a further embodiment, the monolithic matrix fills one or more 
ch^^nnels 

fc-rmoii on a microchip. For example, a plurality of channels can 
ije f'jrmed on a 

g 1 ass m i c r o ch i o s ub s t r a t e using standard m i c r i j f at' r i c: a 1 1 n 
techniques, e.g. , 

P'hC'tL' 1 i th-j'jrapihi c prc'cedures and chemica 1 wet etching . 
fjpt i'jna 1 1 y, a cc-ver 

plate can be direct bc'uded to the substrate c-ver the channels. A 
p 1 oral i t y ■:■ f 

sep'araci'jns can lie C'l-'Uducted on multiple samp^les in a 
suk'SHant ial 1 y p-araliel 

f b:.--::iL)^^i upi-: n i sinale substrate cdiip'. 



A'livantage-jus 1 y , the ccdumns of this invent Ict; are ncit iimitea L^; 
cne fixe«:i 

surfi::^ ar-,^s, p'ressure (drop'S and interstitial diffusional 
oistin>:es i 

P'ac.ke'i t'e-i. Because the vcud fracti-jn can i^e much higher in tht^ 
monolithic 

C'jiumns t:iuaht herein, all c-f these factC'rs can k^e maniijulated 
for 
P'O r 

pu „ 

^ V ,r 



imp r::'Vea 

fC'rman':*e f-jr a given ap>pd i cat icn . Fc^r' examp)le, columns can 1 
daL:eo with 

same v-iad fra^i'ti'i-n and widely different p'ressure dn"'p)S, or 
^.mns could k^e 

pr : du':'^':l with rhe same pressure drijp> fciut different interstitial 
■li i s t anC'i' s . In 

P'ar ti 1 ^:r --x^iiipd'-, some c-'jlumns p-rc'duced in this mv-ntion 
: ■! ONA r o:...c:.: i- hcive '-•I'i fractions ■--f annut - . / . A v:)io 
-annjr rv^ r ii 'j':iu.:"*e;d t:-r nonp^.. roiis pacKin^s r^y p^ciL. i ^ . . ^ l 



■^IG. I is a c:\r :-m:it'jqi"am shC'V/ing the sep)aration ot 
ing le-stranled. 

d igothymi':.iy 1 ic acids o>n a CG monolithic column constru::ted m 
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the manner just 

described. Specifically, the sample was 10 micrc'liters of 
ol igothymidylic adds 

between 12 and 18 units in length. At a flow rate of f: 
ml/mmute, a gradient 

Ol 0-1 2v, acetonitrile in 100 mM aquec-us tr iethylammc'nium acetate, 
1 C) mM 

di.sodium EDTA, pH 7.0 was used tc) elute the ol igonuclec't ides . 
2>et e'::tic'n was 

perf'i'rmed using rrv absorbance at 254 nm. Ari extremely low HPLC 
system pressure 

-■■t only IjC: psi was observed during the separat ic-n . 
E'EPR: 

FIOi. 2A is a chr^jmatijgr am shijwmcj the separatic-n of 
OLiUbl e-stran^aed E^NA 

fragm^T;nts on a monolithic C12 column cc^ns truc:ted in the manner 
:ust descr ibed. 

Specifically, tlie sample was 3 micrcditers of pUC18 DNA digesteil 
k.y the MSP I 

r es t r i c t ic'n enzyme. At a flow rate of 1.0 ml/mi.nute, a 10 minute 
gr- ad lent f 

}o--oO: ac^': 'i-n: Lr i le containing 2 mM tetrap^rr^piy lamm jnium hiromide 
in 2'''' mT4 

j.^:::\:s r-i'^ r -r'^'- r^y i 'immc'n iuri brr)mide, 2 mM disc-lLum EDTA, on 0 . Ci 
v;as used to 

-lute the E)NA fragm.ents. Detecti-jn was perforned usin<7 UV 
abs-: rh.ance az 2^-4 " 

i\m. 2^t 0.2 hlI /min an HPLC system, pressure f SO psi was 
: reserve'! . Res j lut itjn 

was '::alcuiat C'l fc^r the p^eaks indiciated in FIG. 2A by arrciws. 
oEPR: 

'Yno 'rO'-ir-i'matL-gr ar-hic lata from the above, exp^er imerits are 
: j:u:r-=ir i z-"oi i n T^bl e 1 . 

1 ne reS'jlucbjn i.-f th- marked p. oaks w^is fC'Und ^o oe A.O-] for the 
monolithic 

:-cdum.r. :".f FIi2. ^A and 5.82 f-ji the c-jlumn piacked with nonpiorous 
spiheres in FTG. 

2P': . ■ 'S 1 ng :: t -indar 'i p^ermeabi ] i ty 'r.alculat Eons t Ir.trL)du-""t a cti to 

hr:.:ii.c. ^.o;./, 2 . sup . ^.d r-ii.ti'^n, P. . ^-^-Vvitu ar.d l1 . 

■■-r. i ojns, yiovj Y":td:, 12'"'9, p> . t / i , ir oan O'-j l:c: j i. -o t;.uO._ :c.-^ 

.'A has in 'jr-e r 'it- ing piressure eguivaient to that 'j E a C'jlumn 
pa ske 1 wit.n o , 2_. 

'Mi-u.-Hi -liam-jt.iir sp)heres wh^r-^as that in FICi. 2B wDuid oe 
estimated as 1 . / (") 

niicion. Based ^n those ilifferent effective partide sizes, tiie 
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cc'lumn of FIG, 

2A has a res'jlution 58-o greater than expected. A critical figure 
of merit f(jr 

chromatograph i <^ separat ic-ns is the efficiency or resc'lution per 
unit pressure , 

It can t^e seen from the data C'f Table 1 that the monolithic 
c<j lumn C'ffers an 

order of magnitude increase in resolution per unit pressure 
C'jmpared to the 

C'i'lumn packed with nonporous spheres. 
DEFR: 

The present invention als^j makes p'C'Ssible the separation of 
pa r t ia 1 1 y denatured 

di'Utde-st ran:ied p-j lynucle^jt ides . As shown in FIGS. :A and 3Ei, a 

po r 'JUS 

monolithic c-jlumn was used to separate E^NA fragments 304 ijase 
P'airs in length. 

In FICi. 3A, the sample contained a single type of DMA, whereas in 
FIG. 33 the 

sample c-jntained a mixture of the type seen in F^IG. 3A and a 
va r i ant sequeni^e 

■: O'nt a J n ] na a single i:>ase t>air substitution. At the sele^::ted 
" -nfir—i atur e, the 

s-aiuC'ie ■■..'[ FI3. 31. ch^.^Wc ^ sZ'ZorA p^-ak t'^'ai" represents parti:^lly 
tienatureti r)NA 

oO'nt i i n i ng the single l^ase p^air subs t itut i-jn . 
FEE'?,: 

3riec i f ica ] 1 y , with regarii to FIG. 3A, hc^moduplex FNA with 
sequence :04 t^ase 

pairs in 1 en'irth was separated on a monolithic C12 cijlumn, 
p r" r- a r e a h s :1 e s c r i Ij e d 

at'Cve. In carrying .jut the separation, the conditions as set out 
in T.aljle , 

C'^. 1 w, 'wei^- I'tiserv^atd : 
oEFr : 

3:^r ■:j:'mpar i ve P'UipC'Ses, cC'lunins were constructed m acC':'riiGnce 
w i : r, Fx ami .1 

■:x:.'} v'l ^, ■ I ' . . o-t^:-0... rii-fl,, ^]\-":r- -•■:^:^n!-— h q ^ b.^ 



1 1 i. 



monoli thiG 



r ■ ^ym--i^iz^i^ n'^ns <"t tEiese 

S'jmi'C'S 1 tiL-n^, , -nd Eitt in 3? wore at taLTie' i 

a:r. :les-::r iti^-.:l in the '310 p)at^rit. The C'jmpcisici i^n piijdu^-i uy 
E.\ ample 111 It 

the '31() patent was translucent in appearance and had a very hign 
C'oerat inn 
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pressure (greater than 2,000 psi at 0.25 ml/min with methanol), 
p-reclud ing its 

use in practical HPLC of E)NA. The cc-mposi t ion produceil k^y 
ExaiTiple VI of the 

'310 patent was white and had a relatively Ic'W operating 
P'."'essure . He wever , 

this latter -rolumn did not provide useful separatic>ns of DNA 
r esti let ion 

fragments under reversed-phase ion-pairing C'jndi t ic-ns . No 
typical pattern of 

P'Oaks was L'bserved when a separation was attempted under 
cijnrii t ions that would 

pur.vide a useful separation using the matrices of the piresent 
i::vent i<jn . These 

tinLiings ai^r in accord with puevrjus sugg^^'S t i ons m the 

1 i cer atur e that co lumns 

wit h unmij d i f i e li pi cd y s t y r e n e / ci i v m y 1 Ij e n z e n e s t r u c ^ u r- e c =1 r e no t 
d-sirable for I^NA 
sep'ara t i ons . 

f'ETL: 

TABLE 1 c:jlumn with Nonporcais C'jlumn with C12 Spherical 
n .a::; ri 1 ng Monolithic 

FvOyiTior y.ot-^nti-.Oi Time E'eak 1 (min.i 0.8 0 9.3*:) Area Peak 1 

0- jO^O.OO 04^.92.0^! Height Peak 1 (.mu.V) 1 1 370.u0 74 :.c..;c 
P.e:. ent i otl Time Pe.^k 

2 (min.) 7.52 10.10 Area Peak 2 (.mu.V^sec) l^JsllS.OO 103o44.00 
H^Tught E'eak 2 

(.mu.V) 1:::.43.00 0779,00 P.esolution 5.8 3 4.04 Column Pressure 
f C'S i ) I 7 4 . 0:1 

1- O'.C'O App>ai-ent P^irticle Size ( .mu.m) 1.20 0.20 Exoected 
7.os:du:.i-n^ 0.8? 2.07 

Excess Res.:dution ■ 0.00 58.00 Resc- lut ion/ 1 , 0 J ^7 psi 4.:S 4 J. 42 



Tne mer.h.:'d of ■slaim 1, wherein said sep-arating LX^mpi r i sec 
s s i n J :.r. e ] u ^n " 

::ca inin':i an 1 -jn-p^ai r ing aaent thr'~'uqh said monolithic iua7:ix, 
id ^ ^ ^ 



Tc^ :Ti-rn."id 'Zlaim i, fui Lher ■.o^mpuucmj 

ai . c 1 .^-iX c 

• ^ - T -riir cii'i i ciXi-p^ai ring agent thr-jugh said monolithic macrix, 

1 ^x. - p) u 1 r in ;j -I'^^^^io. t.e-iiij .jap;al:;lc of i "i^^f^ r^^''^t 1 na witn negatively 
:'ha r oe i 

pihosphate gr:)up)S of said at least one p^olynucl e^jt i do and also 
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with said 

hydrophobic surface of said monolithic polymer matrix. 
CLPP : 

9. The method C'f claim 3, wherein said monolithic p:'olymer matrix 
Ls held in a 

channel formed in said p)late, 
CLE'R: 

10. The method C'f claim 8, wherein said monolithic pc-lymer 
matrix takes the 

form «:'f a thin film on said plate. 
oLr'V : 

ap'f-iymg sai'i mixture to a pic^rijus monolithic polymer' matrix held 
1 a 

statiL'nary fashic-n by a suppc-rt, 
CLE V: 

wherein said monolithic p'OlymLer matrix is fc^rmed frc'm 
t)cdymerizat i'jn of a 

mc'nc'mer, or '::ombinat ic^n of monomers, selected from C.sub."" to 
■:.sub.3 0 :.lkyl 

niet r,a ':ryl fit es , in the pr-sen:'e Ci f a cr c^sslinking agent and a 

P' : t (J Lie Til o ^'O ± Vti^ii t , 

^nd 



sepiarating said mixture r)y icin-paii reverse -pihase chr om.a tography , 
k'y passing an 

eluant ci'Tit f i ning an i C'n-p)ai r mg agent through the monolithic 
mat: r i >: . 

ccyj\ : 

210/198.2 

I'P.P:. : 

Article l- Vikiund ot al, entitled "^Mi"jided^ MacrC'pC'r'jus Poly 
( glyc i d i y i^nit- tiiacryl a te - co>-t.r- imLethylolp' ropane t rimetnacrylate ) , 
M -] V r i a L ^ wi t h 

':;nr r-;ji i. e J rui^..'tic> i : . .p..:: : 0 ^ ■-: o : r I-...;:: . :. .. f Monoliths 
'''*'■ 1 '"i 1 ^ 1 '--I --ni Eo: L '/mer' i d t " oubl i sh'-^i in Ci.em Ma'~^r, Tn 1-*^'/^ 



Arti::le k^y Viklund et al . , entrtied " Monolithic, M'Mlea , i'oiuu:^ 

with High Flc)W Characteristics for Separations, Catalysis, or 
Sol id- Phase 
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Chemistry: Control of Porous Properties during Polymerization, 
published in 

Chem. Mater m 1996, in vol. 8, pp. 744-750. 
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D'JCUMENT- IDENTIFIER: US 6218153 Bl 

TITLE: Target DNA amplification by MIPC and PGR 



DEPR: 

MIE'C uses unique nc^n-piolar separation media which comprises 
or aanic poiymei s , 

silica media having a non-polar surfai::e comprising coated or 
'rC'Val ent 1 y t^jund 

oT'iranic pC'l^iuers c-r c-ovalently bc'und alkyl and/ or aryl group>s, 
and cijnt inu'jus 

ncr.-pcdar s^rp ar a t i i~n media, i.e., monolith or rod columns such as 
n'_ \ 1 ar 

.E-ili'-a gel cr C'lganii: r^'lymer. The sepaiatiC'n media use(i m MIPC 
oavi. r*e pHjrcius 

or nL'n-pC'rc>us . A oetailed descrip'tion of the MIPC sep^aiat ion 
F'rocess, MI E'C 

separaticTi media, and MIPC systems is fcnind in U.S. Pat. No. 
^.,772,3S9 (1 998) 

t'l- G'jerdo ano in cc-pendinij U.S. p)aterit appd ic:at ions Ser. NC'S. 

v9.^ 0'--; 7r.u 

[ile'l Mar. in, I'^^'z : ( aban-ioned) ; 09/0j8,i37 filed Mai. 10, 

ia}:'3nac.ned) ; 09/081,040 filed May 13, 1998 (now U.S. Pat. No. 
, 9 A 1 ,742); 

0'^/0:::ij, 047 filed May 18, 1998 (now U.S. I'at. N-j . 6, 01 7,457); and 
m tne U.S. 

patent application Ser. No. 09/169,440 filed Oct. 9, 1998. 
MIPC sys terns and 

s-ep'ara::i jn melia are ccaimer^i'-ial ly availatde ( T ransgenc-mic. Inc. 
S^n Tose, 

Calif.). Tne entire MIPC analysis can be aut^jmated Ijy means C)f a 
d-:-sk rop 

:::mr'urer an-::! a sam^de aat'j- in j ector . Analytical data fc-r each 
s ampd e can be 

aneilv/pii in real time, or ir^jllected and stored in a ccimp)uter 
memory device for 
analysis at a later tim.e. 

c^.. /\F^ : 

2 1 C* / 1 9 8 .2 
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:iOCUMENT- IDENTIFIER: US 62103 85 Bl 

TITLE: Modifying dc-uble stranded IiNA tC' enhance separatic^ns by 
ma '::hed i'l'n 

p'j 1 ynuole'i^tiiie chrc'ir^atc-graphy 



BSPR: 

In 'jne asr-ect, the invention provides a method fc^r enhancing the 
'ietecticr: ot ei 

p-j lynuclec't ide sep^arated by Mat'::hed Icri Pc'lynucleot ide 
Ch r om a t C' a rap'h y wh i ch 

i:\-':lud^s (a) .T'd'Va 1 ently attaching a chemical tag to the 
pol ynuc 1 ec't id-- to fc^rm 

ragged P'^j 1 ynuci e<jt i de , ih) ap'p.)Iying the tagged p'olynuclen'tide 
I. 'J a sep'aratic'n 

medium havin^j a nijn-polar separation surface, the medium 
cha racter i ze^i by 

having a L>NA Separati<jn Factor of at least 0.05, (c) eluting the 
r ag'-;ed 

P':d ynuc 1 0'lt. i 'i-' frc^m the surface with a mot>ile p)hase ccntaining a 

, ' ,^ tl t-^' i 

■:'jer:t an'ii a:: ':uga::ic s>:dvent, and (d) detectincr tne ragged 

-, - I . , ■ : 1 ^ J .' T" V ,- 

^ J i ^ ^.i-^ „^ 1 1 . -L 

chemical tag is prt-ferak'ly a f 1 uc^resc-ent grc'up', a c:hemical whicn 
■Hbs-jrbs at a 

v;ave I-Ength differerLt fr^rm the pi'jlynucleot ide itself, or, less 
i-re f eraC' I y, a 

'■jrjup' C'jnt a i n.i ng a ra'iiC'act i ve atom (e.g., E'-52, tritium, or 
- J 5 ) . 

:J'jn- i imi t ina exampdes jf fluc'rescent ariDup'S which at^sc-rt) at a 
v;avel^ng^h. 

ijfferent. fr^^m the p<' iynucle-:-t ide itself include 
-"a : rC'Xy i' 1 u'j r'-z-sce i n , 
' , 7 ' -dimeth^.xy-4 ' , 5 ' -dichlor o-6-curboxyf luc^rescem, 
h\ N, N ' , X ' - tec r ame thyl - 6-carb-: xyrhC'damirie , 6-c art-L.xy-X-rh'i'dami ne , 

F-.h : l^Hii:.':', B ;T) I F'Y-TF.->; , f::'as'^-ade Blue, Alexa ana poip'h/rin 

. j . , ^ '■■ . y : . _ , . n - i : ::, i ^ ! . . : " x ^.cr- 1 - - "f M u " ''"^^ ^ jrouo- 



, / - i 1 me tx'vxy- -1 ' , 5 * - di':;hbji 'j - 6-c arboxy r i u : r tt--^ ^ i : i , 

' t ' ' / - ^ I • ~ . ^ ....... y . 1 - -\ V J- . 1 v_i lXi.. ^ ^ ^ ^. , * ^ \ - \ ... . 1 

d r e s :■ e i. n , 

uijiamine, B :)DI PY- TP -X , L^ascaae biue, an^i Al-r^-.a "^OO. Th.: 
.■^ ^ r n i ^^n 

characteri zt^d hiy having a Mutation Separatic'n Factui 



me':ii .CTi i . 



at I'z-ast u . 1 . 

Ti.-- p:ref erred me^tium is substantially fiee from o mt amina^ ion 
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with multivalent 

catiijns. In one embodiment, the separation medium cc-nsists of 
pcdymer beads 

having an average diameter of 0.5 to 100 micr'jns and having a 
surface 

ccmpii-s 1 1 i c-n essentially completely substituted with a moiety 
selected from the 

group consisting of unsubs t i tuted, methyl, ethyl, hydroc:arbon, 
and hydrc'CartMjn 

P'clymer, wherein the hy-lrocarbon polymer ijptionally has frijm 2 3 
to 1 , 0 00 , 000 

carbcTis, wherein the hydrC'Carbon includes alkyl and alkyl 
sut'St i t-uted aryl 

gr'i'UC'S having frijm 23 ro 1,000,000 carbcins, the alkyl gr^jUfs 
1 1\ c 1 u d i n cf serai gh t 

chained, Ijranch chained, 'ryclic, saturated, unsaturated nonijnic 
f unc t i'jnal 

gr-'jups C'f various typ^es including aldehyde, ketone, ester, ether, 
a 1 ky 1 groupis , 

avL'Zi the like, and the aryl grc'Ups including as monocyclic, 
l:d cycl ic, and 

r i ':-y:'l i-:: arc^mat ic hydrc'carbon 'Zfrc-ups including phenyl , nap'hthyl, 
an.:i r-r li-e, 

T". .jnc-^ner emi'^'diiiient , th^:- separation medium ccinsists r^ed^is 
naving an 

av'i-rage Lliameter c-f 0,5 to 100 micrc-ns, the treads cjmp'nsmg 
no-npC'i: C'Us 

p-^rtii'les :>j5ired with a hydroca r tion or non-pc-lar hy Ire cark-r^i 
substituted 

p'i'iymer, wherein the hydr^'Carbon has (jp»tionally frcim 1 to 
1 , 00 0, OOC: carb'^ns, 

wherein the hydrc'Cark^jn pcdymer has cp't i c-na 1 1 y frc-m ] to 
1 , Oi?':', OC'O --arljc-ns, or 

rsirticles having suk'Stant ial ly all p'jlar grc'Ups rea-iite-:! with a 
n :o.~ t- ~' I a r 

hy ir^: cark^'jr: or sut'S 1 1 tu t ed hydrc'ca r i'^jn grc^up, wher em r r.^ 
t a r t 1 o. 1 e s a r- e a 

n.-:::ri:-: r so I'j:'t '-'i from th^. gn^up cc-nsisting of silii^a, silica 
:■ a r i oe , s i 1 i a 

nitrit-;', titaiM.im oxide, alv:minum 'jxiae, zirccTiium -jxiie, :-arbon, 

iii^na--, ; i i. t ^-ma'^eou c r^rtn. In r,fY\er emix: iimer t s , 

^^■--^MCTm ]s -'^ ri ") 1 ym^'i L^:: monolith or a der i vat i zc; :i ^j-r ■■ 

monoii th . rh- 

^='-;g^~^ ri-"d vMij 1 0'-' t ide ■~:an be a ?CF. amplification prc'duct Z't'tamed 
oy pu -ov i ding 

a z'Cr\ r-r-imcr naving ci ^^^^valently k jund tag during a PC'F: 
amp d i f i c: a 1 1 o n wherein 

the tag is inc-jrp crated int'j the P'3h am.plif ication prc'duct. 
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DEPP : 

The medium can t^e enclC'Sed in a column. In one embodiment, the 
nijn-pc>lar 

surfaces cc^mp'rise the surfaces of separation beaiis, such as 
P'C'lyn-eric t-eads or 

derivatizeii particles (e.g., silica p^articles). In an 
al ternative embc'diment , 

the surfaces comp^rise the surfaces of interstitial spaces in a 
m: Ided monolith 

such as a p)C'lymeric monolith or a silica ^gel monolith . For 

P'urp-c-ses c* f 

simp l i f ymof the descrip-tion of the invention and not kiy way c^f 
1 imi t at i'jn, the 

sep'.-:ii at i'lTi of p^c l yr.ucleo t ides using nonpiijrcius Ijeads, and the 
p- r ep'a r ,-. 1 1 or. c f 

sucn i'ea'is, will, ::e primarily (iescrit'ed her'ein, it i^t-ing 
u r. d r s r ' : ■ d :. n a ^ ■: ^ t h e r 

sepiarat i'jn sur fares, such as the surfaces within interstitial 
spaces of 

monoliths , are intended to t-e included within the scope of this 
irivent ic'ri . 

Zxampdes of suit^rde monoliths include piolymeric rc^ds and 
ao r 1 var i z^-d s i 1 i s.a 

'^-1 L „ u^ oLo:^: :.oi.:o f.:rmod insvi^=' - ■■^^'d um!\ ^.s - ■.r.i'"ar-v 

s r u t \: re v i n g 

t:ir'::U':rh p'ores 'jr interstitial soaces whic-h all'jw eluting sc'lvent 
P'r.ss thrj'Ugh ana wnicn p'rovide che nc'n-p'C'lar separaticr. surface. 
EiRPr.: 

I ic an:-ther emtii :li men:: of the present inventic-n, the sep-arat iC'U 
TT;-:- :i i urn r an oo i n 

the f::rn^ ■:> f a pcdymLeric monolith such as a rc-d-like monolithic 

monol i thic ccdumn is p'jlymerizeci iir termed as a sir.ale unit 
i i'l- i cie f a cur^e . 

T:.e thr':u:rh pcre ■: r: interstitial sr^aces p^r^jvide fc'r the p^assage 
ol -d at ing 

. analyst' mat-'rials. The separa^ti^an is p^e r- f r- rmeil 'i^n 



^ti-' separations aie identical zo c^'lumns p^acrieci v;" 



v/i-'-. rif^^fts, :he r'C'res contained in the r^-'d must t^e c^amp^at it)le 
witin L)MA anl n-at 

trar^ tnc marerual. Als'j, idi^- r.'-d must ntt S'lntain c ''n t" arr i na 
th^it Will trap) 
DMA . 
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DEPR: 

The mc-lded pHjlyTXieric rC'd c-f the p^resent invention is prepared by 
bulk free 

radical p'-i lymer i zat ion within the ccTifines of a i^hrc'ina LL^qi aphic 
cc lumn . The 

t-ase piolyiTLer cf the rc^d can be produced from a variety of 
P":dymer izak le 

m^jn^-'mers. F'jr exampde, the monolithic rc-d can he made frc)m 
p-j lymers , including 

mcTi'.".'- and di-vinyl substituted aromatic cc-mpounds such as 
s t yr ene, suli-s 1 1 tuted 

styrenes, a Ipha- subs t i tut ed styrenes and diviny Ibenzene ; 
licrylates an:l 

m':'t:: I'riryl ates; pi-jlV':' 1 e f i ns such as rHjlypu-'jpylene and 
P':'lyethy 1 ene; yjo Lyes ters ; 

Z'0 1 yuretnanes ; p'jl yam ides ; po ly carb'juates ; anil suk'S 1 1 tute i 
t:-:' 1 ym*^' r s i nc 1 ud i ng 

f lu' 'r<jsuk)st i tuted ethylenes 'izomiricTil y knc'wn under the trademark 
TEFL'jN. The 

base pcdymer can also be mixtures c-f polymers, non-limiting 
•I'xamp 1 es o f wh i ch 

1 n :: : u 1^- p _ i y i 'ir 1 y ioy' I met ha(::ry late- 'r'j- ethyl ene dime th a :: r;^d ate ) , 

]: : l '/ { s r y ren^'-d i V i ny 1 b.='nz*=*ne ) and 

]^ ~ ! y ' " "r.y \ " ' y i r-='n - n-— d i v i n / 1 1 )-z^: .z.-i-ViO . Th-^' 

r^M-i car. kie unsuk>sti tuted or substltutel with a suk-st ituent. such 

-.J ::■ "x 

r^yd^.-'jcarkit'U ilrxyl or an aryl gr-jup. The alkyl qro^jp op'tijnally 
iiUS 1 tij 

l,OiiO,C:00 ^ark)!:^"!^ inclusive in a straight or k-ranched chain, and 
inclu :ies 

sr. r- bright .rhained, kiranch chained, cyclic, saturated, unsaturated 
n^o: : c-nic 

f un- 't i'l'nal crr^jur-s i;f vari-i-us types inc:luding alaehyde, ket.ijne, 

■ai^s/l 'J r i„'U]:'.r , aii-i liie Like, and the ar yl ^riuf^s rnclud'is as 
nc r- cyci i z, 

fcucvcl ic, and tricy>:'lic arc-matic hyciri'Carb'jn gr^jup-s ini:-luding 
p^neny 1 , nar'ht.hy 1 , 

=ind r.he ii'^-r. lii .-^ preferred embi-diment , tk:e alkyl gr^outj has 



enh'i-'i 1 m^n^ , al^-Vi ar^-iUD has h 



t ki-' nc'r-r-'ilar , reverse phase functic-na] groups. Methods Ilu 
n y iT'ic 1 rr c:. 

:-cbsti tut: Hr.=^ o<r.nvent i ona 1 and well-knc^wn in the art and aro 
not an aspe^'^t 

:f this invention. The preparation c^f rioiymeric monoliths is k)y 
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conventional 

methods well known in the art as described in the following 
references: Wang et 

al. tJ, Chromatog. A 699:230 (1994)), Petro et al . (Ana. Chem. 

6 ■: : .: 1 5 

(199^:i)), and the following U.S. Pat. Nos. 5,334,310; 
^, 45,:;, 185; 5, 522,994 

i::o B'rechet). Monolith or rod columns are commercially available 
f'jrm Merck & 

Co tEiarmstadt, Germany) . 
IiEPF.: 

In ari'i'ther emtMj'iiment of the present inventicin, the separatic^n 
nie-:iium is 

':':'nt inu'jus monolithic silii^a gel. A mcdiied monoli th can be 

P'rep.'ared by 

p-jlymeri za::iC'n within the confines of a chrc^matCMgrapihic cc'lumn 
(e.g., to f 'r-rm a 

rod) or 'jtht;;r C'jntainment system. A monolith is preferably 
■obtained by the 

hydr<:.dysis and po lycondensati'Dn of alkoxysi lanes . A preferred 
monolith i 5 

■.;-ri \-at i :-ei:i in orvler tc) p^rcduce n^jn-polar interstitial surfa^r^es. 
'"'h:^-n: \ '"-Oil 

^ ^ b-''". rO' ] [c^cx monoliths wirh ~'Catd':: ::yl , methyl or other 
1 inlands can he 

■larried ■:: ut . An exam.ple of a preferre^i derivatized monoli th is 
'.■■:'lO wh i ci'i i s 

}:.cd-/f .^nc:t i finally derivatiz^-d with cctadecyls ilyl grc^ups . The 
P'Tep-'ar at i ori of 

■:;'E'ri vat 1 zed sil.ica monoliths is tiy convent i-nnal methods well 
kn-jv/n in th^;- art 

as des^zr ibe'i m the follc-wing references whi.::h are hereby 
1 n c o r po r a t e i n t h e i r 

':n"irety herein: N:ikanishi, et al., J. Sol-[^el Sci . Technol. 
: :■ 4 '■' ( i :^ 9 7 ) ; 

i::.e.anj sn] , et al., Bull, Chem. Sc^c. Jpn. 57:1327 (1994); 
^:t:ir'r^f'ra, e t al . , 

'rrer:':is Analytical Chem. 17:n0 (1998); Jmno, et al., 

' " r a ^ ' ' v'r r ^ rj h i a 7 • ? R 



:i ; :ie t m ^ sai:i tagged p'^dyi'iu 'tie '''tide, wiiei'ein Sriio m^joium ic. 

r>y having a DNA Separati-tn Factor of at least 0.5, wherein said 
:::ed. nm 

;: :)mi:.;r i::es a t^'tlymeric monolith. 
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d) detecting said tagged polynucleotide, wherein said medium is 
characteri zed 

by having a DNA Separation Factor of at least 0.5, wherein said 
medium 

compirises a lierivatized silica gel monolith . 

CCXR: 
210/198.2 
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D{j(:iTMENT- IDENTIFIER: US 6210570 Bl 
TITLE: Monolithic silica column 



TTL: 

Monolithic silica column 
ABPL: 

The present invent! ii-n relates to capillary cc^lumns including a 
monolith and a 

method f(jr preparing a capdllary column including a monolith . 
The monolith can 

he p'rep'ared h-y a s«:d gel n.ethod, and in the trans format icin from 
hydi z-sr 1 t'j 

hy'li'jgel, the monolith undergc-es essentially nc* syneresis cr 
V'.:dume shrdnkage . 

Thus, deleterious effects of syneresis are avoided, such as the 
f 'jTmatir'n of 

channels having large dimensic-ns that provide a pathway of least 
c -^3 1 stance fc^r- 

a mciid. ie phase tc- -Effectively bypass portiijns of a staticciary 
n h is-i' . TY-o 

n.einii:; tor r: rop^ri:\q a cui-^mii h^avin^ ^ monolith tri-i^ und'-^rg' ^p^s 
essentially r.o 

syneresis invc'lves a hydr^jgel solution that has a relatively lovj 
C'jn'-enr I at ion 

of ::i0.sut'.2, i.e. less than abC'Ut 5 g/100 mh . 



The r^resenc inventii-n relates tc- a methijd fc^r producing 
ch r: 'i-ni^toa r ar hy cC'lumns , 

in ::-ar t i rular- a silica column, via a sc'i-gel method. The initial 
nyc^r :-s^:d h^.- 

■5: cc-ricrMjs i t i'l n featuring less than 5-^ SiO.sub.2 to produce a 
nyor .igel that 

uiiaer g^jos ec-c -:n t i a 1 1 y :oo syneresis. The pr^^s^^^nt inventiC'n als(j 
^z-nC'^iTip' asses a. 

"•-^:cl i:^r--./ r ■ in =1 r o-:i c atmv ■iislumn inc^luding a novel monolith. 



■I'jmpu-is mg a '::ont in.„iL'US n-Lwur k hav- r^een ae^'o i ope'.i . i ; i ; 

"".rC \ r.'0"oc r otv/'C""^' 
IT'Tiase or monolith c:an cc^mpu ise pores of an ap)preci arjle dimension 
ami at tne 

same time, eliminate gaps er channels that can arise from poorly 
r^^-ked 
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columns. For example, U.S. Pat. No. 5,624,875 relates to 
methods fc-r 

preparing inorganic porous materials having piores of various 
des i red 
dimensi'jns . 

3SP?' : 

The inventiijn provides capillary column incorporating a monolith , 
and al SC' a 

method tor makin'^ the chnjmatography column. 
Bo PR: 

'jne aspect of the invention prc-vides a method for preparing a 
cYi fc^ma t'l^graphy 

':-'jluin::. The methciii includes the step of providin-j an aque'i'US 
IT' ix: ur e i ncluding 

a ^::-jnLp)':'Und having at least one hydrolyzahde (jxygen-cont am i ng 
gr'i'Upi. The 

method alsc' involves causing the mixture to form a hydr-jsol via a 
reac t ic-n 

involving the at least one hydrolyzable C'Xygen-containing group. 
The hydrc>S'j 1 

IS I nt. r :jdu^-ed into a iiap)! llary, the hy-lrijool having a first, 
v^' hume . Gel lat ic^n 

:\y„li: _-s>:d. is indu:^e:i to T:^rn-i^]r>^^ ^ monoli th . The monolith 
has a sec'jnd 

fume, wher^E'in the second Vijlume is at least atiout 95::. of the 
f ] r s r. V :■ 1 un^e . 

Bi'PR: 

'jne emt'^dimenr. of the invent icm prciviiies a methc-d fC'i pirep)aring a 
>:-h: jiiiit : graphy C'i'lumn. The method involves an aqueC'US mixture of 
=1 '-^ '-rwo'i un 1 

having at least '?ne hydrolyzal'le C'xygen-containinij grciup' f'jimed 
1 n L :■■ d hy'ii sol 

vi-i i reaction involving the at least ^-ne hy(irolyzatde 
■jxygen-':''jnt.a i ning gr^jup, 

^.h>:^ ^":y':i rT'S'T' 1 toeing prisitioned m a capillary. The imprC'Vement 
■:-^':mpr i ses t. he 

:\yoi:^::ol tj^'ir.g selected t':i have a firsr volume, the hydrC'Scd 

: t |jr'Mi:..-F monolith . The monoli th ha;^; a secon'i v^-'lump, 
c- r,,~j vdnni'- is at least akj'jut 9bi,o jI lu-? iirst voi^^TTio. 



Arii'trpi'T asp)ect ot the mventuju p)i'_)Viaes a cap)iiidiy ■^■.jluiun 

P^)r'.jLio monolith, the monolith having pores of a first mean 
diameter and 



12/18/2001, EAST Version: 1.02.0008 



channels of a second mean diameter. The second mean diameter is 
greater than 

:.he first mean diamieter by less than about 150- of the first mean 
di ameter . 

PSPP : 

Cue embodiment prcivides a capillary column including a monolith 
wherein the 

ccilumn is free of deleterious effects due to syneresis. 
I'RPR: 

RIG. 3A is a schematic illustration of a crC'SS-sect ional slice of 
a capillary 

umn containing a monolith suppc-rt in which the monolith has 

-'S sent. 1 a I ly nc' syne rests ; 
LR-.PR: 

RIG. 3h is a schematic illustrat i'jn of a cr<oss-sect ional slice cif 
a capiillary 

C'idumn C'jntain In'j a monolith supp'jrt in which the monolith has 

under gone 
syneresis; 



RIG. 4A is a schematic 'cr<jss-sect ional area of a capiillary ccd.umn 
S'O n t. a in i ng a 

monolith sup»p"jrt m whic:h the monolith has undergc-ne essentially 
nc' syne res.i.s ; 

RRE'R: 

RIG. 4B is a schematic crc>ss-sect ional area C'f a capillary ccd.umn 
cc'n: a in Ing a 

monolith supip-c-rt i.n which the monolith has undergone syneresis 
i f e i L .^r Ing 

the different typ^es c-f channels in the column; 
[ip : 

r^. . is a xi^hj^iocZ'py '')f an electron micrograp'h f a silica 

monolith en -i r--"-{ 



The pres-^n"" invention relates to chrom.atoqr ainhy crlumns and 
r e -.ot Eiu t s rind 

.cl -iUl tf k --^i I ^ f ^ ^■ i ■■u"iS f'Or preparing statijr.ary ph^se materia" 
t\:'jit under^fC) 

essentially no s/neiesls. In particular, the stationary pihase 
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the cC'lumn 

coHLp'ri. ses a continuous network, such as a monolith. 
E)EPF : 

Chrcir.attjgraphy columns preferably comprise a high suxface area, 
s t at ic-nary 

phase material. Because separation of components is airhieved by 
differentiating adsorpt ion/desorption rates C'f the cc'mpciients as 
they traverse 

along the stationary p-hase, a high surface area material can 
n: i ri i m i z e a t t a 1 

vijlume of the static'nary phase. High surface areas can h-e 
achi eveci wit h p'orc'us 

materials. In the p)reviously described hydrcisoL fijrmatiL-n 
pre cess, porous 

sili'ra :::an t^e f-i-rme'l t^y the addition of a p'Odymer lo the initial 
p re-hyiir"c-sijl 

mixture. The p-idymer alsc' fijrms a continuc-us netwii^rk and the 
pnjl ymer networl: 

is interconne-i't ed or interspersed with the network of the 
hydrc'sol and 

evenrually the hyilr^jgel . The pC'lymer can either be added as a 
s 'ri- ' 5; I Ci 1 e e T": t i " 'y 

:r t*^ generated during the hydr^jlysis reaction. Pi"e f'ei dLdy, 

^ ]' ' 1 yni^ r i 

a \ ovj mcdee:ular weicfht pxjlymer having an average nL':'l^:'c:u ] weigno 
f v,er ween 

atC'Ut l^iJ'OCi g/mol and abc'ur, bO,000 a/n\ol, more preferably between 
^j.' L. J. , - 

j/m::-l ano al^jut ,:.0,!JUO g/mc-l, mc-re pireferably between ari'OUt 5,000 
^[/mol and 

ahC'Ut IO,ij!jC g/mcil. The pidymer can be piresent p'referably in an 
am I'Un t o f 

etv;e--n al^jut -...j^j cf/'mL inii ^ij'i'Ut 0.5 g/mL, mC'ie pueferaldy 
^^v;^--r: ab'^nir :;.ri7 5 
g/'iuL .and ab'i-ut -5.:. g/rdL. The pc iymer p^rel er ^ikd n^s de;-irable 
n ar i : te-r- i o t i 

f ri-jri- t':'Xi.:'i ty, hydrc'phi 1 i ci ty and scdubility m the S':.'lution 
=^:v"i ".^n r^e 

eithi'^^r i'"i':i-:: n^'nionic. In one emk'C'diment , the pi'jlynhrr is an 
s rc; I •/ ' S'? l:i yr^^-^ -^s^: i f na ^" ^ i w t" vo 1 i V'j t s lum 



^lyccd. The piirdymer 'ran tie rem^'Vei or elute-:i piriL-i to 
jn: jm ..tugi cip-iy oy 

ri^':sif-ia v;i th. an app'ror> r ia te solvent, such as water and/'^-r 
al'::oh.:)l. The cc-lumn 

may be further nrepiar-Mi ]r,y methc'ds such as supercritical drying 
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c r t.y the use 

L>f a reaaent to coat the gel with hydrophot-ic groups (e.g. methyl 
groufis; tc- 

maintain hydrr:lytic stability. The monolith can alsc' IjO steered 
with the 

pcdyTTier network interspersed within. 
[■EE'?.: 

The methtjd als-j involves inducing gellation of the hydrosol to 
form the 

hydrogel. In c^ne embodiment, the hydrogel is a monolith i.e. a 

solid" 

O'^mprising a c^^nt inuC'US netwc^rk of chemical t'onils . GellaticT. can 
t'^:- .indu.:'ed in 

3 nuTii'er cf ways known in the art. In 'jne embodiment, aell.^trjn 
IS indU'i'eo hy 

warr[:ing an a^uer.us mixture C'jmprising a i rOjxys i lane s ana a 
■:-a:alyst . In another 

emti'jdiment , gellation can be induced by warning the hydrc'sol. 
G^:' 1 1 a t ic'n can be 

induced at tempieratures between about 0. degree. C, and 
7 . degree . C . In 

^nither emr)^:.:oiiment , the s^jlution c^n he warmed T.o temr^er itu res of 
' *~ V' a. i ■ ' " ' u ^ 

1 7 ]^~'='-= - \\ -r^"~] ^irM'v:r ■- n , ,iear--r . , or>^f-rablv iC'etwoT^n :.b'jut 

. degre^^ . 

Z , and ah'C'Ut 6'?' . degi^ee . C., and mo>re preferably t'etween aljc-ut 
:■ C' . degr-eo . C . 

and at^'jat 0 . 'degree . C. In another emi^jdim.en t , gellacicin can tie 
i n-:lu red by 

allowini^ the mixture to stand at a temp-erature of loetween about 
'c . degree . o . 

dud aijour ::0 . 'degree . C. It is understc-'jid that the iDptimal 
:. -z-rcx e r a cure i s 

d?r-rndont '^n rear'^an^ ■:^r.n'"^ent rat i 'jn, pH etc. 



A t'art icularly advantagei^us feature ot the inventicin invi:dves the 
f rm3 r i 'ju f 

monolith r:'rodu.::t where the hy'dr ^/sol t^:- gel trans forma t i ':in 

- r \ 1 ~ I 1 ' ■ ■ " ' ^' " . " \Tl 'C T C ^ 'E' "^^ ^ ^ '''' k a ^^'i'"! "j ; IlTl P 

i~ ^r-rSS'i-s C'l i nydr'_igel. I^uiin-j r'Ot.n r.yclrr'SOi anc n'v'cr-„'^!^' i 

r~-' f:'rmea t'Z' generat e a larger netwcirk wirh^jut any decrease m 
\ .) i am-' . b jnO 

fiumatijn ::an include hydrogen br)r,,dir:g -''r condensation react rons 
as di s cussed 

p-reviously. As the gellation pr'jcess continues nnd the netw-ork 
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irii^reases in 

vc'lume, there reaches a point when bond formation results in a 
shrinkage c t the 

netwiDrk i.e. bond formatic-n between two atoms causes several 
atijms t'j shift 

positions spatially such that the shifted atc>ms encc-mpass a 
smaller local area 

01 l0'::al V'ldume. For example, FIG. lA is a schematic, 
i 1 lus trat iC'n of two 

surfaces 10 each having a hydrolyzable hydroxide grc^up 11. FIG. 
IB 

s-.-rhemat i ca 1 1 y liepii^tis the product of hydrolysis reaction between 
thie twij 

hy-lrc'xide LfrC'Ups to fc^rms linkage 14, resultin'j in the two 
s-.:rfa>:'es 1 r^ein'^ 

fV'Tced mt'j clc-ser prc'ximity to each other. Thus, atc-ms at or 
near sui'fa'i'e 10 

shift in resp'C'nse to fc'rmatic'n of linkage 14. The result may be 
a smaller 

h:'Cal Vijlume, as depdcted schematically in FIG. IB. In anijther 
example, a 

m-:decular ref'i esenta t i 'jn cif a surface of silica is shc-wn in FIG. 

^'^:^vir:g hydr 1 v/arde hydr^jxide grciup'S 16. A hyarolysis r^-a^jtion 

gr'^up'S 1 'fi cari <::au3e at least a decrease m Iccal vi^lume ani:i a 
ro su 1 1 iri :f 

decrease in a tcital vc'lume of the silica. Syneresis can be 
i : reve rs i b 1 e , the 

reversiiji 1 i ty depien-iient oii the ease of bccid breakinLT. 
BFdG.: 

An^tdier emij':ciiment 'I'f the p^resent invention invcdves the 
f : rm.Bi r LM". :■ f a 

c-.rdlh-.ry '-'i-dumn having a monolith stati-jnary p-hase. 

■_ ■ . i V i J. L 1 ' ... 1 1 a k,* 1 i. J. .J L y 

:-:dumns ::'C'mp'r ise a cylindrical article having an inner wall and 
an ouLer wa 1 1 

^n-'i invi' lve a stationary phase p^ermanently p)C3iLioneo within a 
i r o.'\ I a r 

pr-:'f erakil y glass 

i-'ai ji i[L'::^Lal, plctotic and other n.at. r.ricls . 

'T^yp^ -ill y, ^he 

stati-jnary phase comprises particles that are permanently packed 
adjacent the 
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inner wall by various high pressure prc-cesses well known to those 
of C'rdinary 

skill in the art. The present inventiion of a monolith capillary 
oijlumn 

features an advantage over conventional capillary column due to 
faci le 

preparation precluding the high pressure conditions. In 
P'art icular , facile 

CL>nditions are desired for smaller diameter capillaries (e.g. 
less than 100 

.mu.m diameter) where particle packing presents added 
difficulties due to the 
sma] 1 dimensi'jns . 



Trie ardlity to p'rep-are a monolith without syneresis is an 
imp'jrtant fearure in 

P'reparing monolith capillary columns. FIG. 3A shows a sirinematic 
exampde C'f a 

'i-ross-secti'iTial slice c-f an ideal capillary column 20 including 
■:-ap'il lary walls 

2o and a monolith 2 4. During chromatograp'hy , arrows 26 shijw a 

p' ii t. ".W a y 

t. ravers^E'd hy the m.obile phase, the p-athway maximizing cc^ntact 

m':>j:dle and stationary phases. FIG. 3B sh'jws a schematic exampde 
: f a 

::• r- ijss- s^=:'"^.t 1 'jnai slice of a cap^illary colunLn 30 after syneresis, 
t. ::e CM-lumn 

having a cap^iliary wall 32 and a shrunken monolith 34. Z)uo to a 
sr.r inxacfe i n 

V-:. lume, ::hannels can be fjrmed between the monolith 34 and wall 
- 2 0 r~ w i " h 1 n 

rhe monolith . L)uring '::hr:jmatC'grapihy , a flciw path of least 
: --si t in-::e ►i-x i s : s 

v;]thin these gap'S . A mobile P'hase traversing along ljiis C'jiumn 
m;iy ten:l to 

f'll':^v/ ^he r-athv/rcy indicat^^d r.y arrr.ws 36 instead of desired 
p :i t hway 3 3 . When 

:.xe mjoi.Ie pliase fed Lov;s pathways 36, pjC'rtijns of :.he stationary 



^ monoli th -.ri'i i:.)p)t im.::! -.epardti'jn C)t cc;mp)C'nent,s may noz vo 
ii ^'oi^zivo-i . 2u-' 10 

r:i:'t'"r5 such as temoer ^tur"e , hydr-jsol composi.tion -i.'r even the 
:iord ic-3tt i jn ol^ an 

■J f a mat>:;ri-il 

::an le urease by a fa::t:)r of 1^)0. 
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DEPR: 

Thus, another embc'diiTLent of the invention provides a capillary 
column having a 

monolith that is essentially free ot syneresis. In one 
embc'diment , the 

hydrosol is introduced into the capillary column, the hydroscd 
having a first 

V'jlume. The first volume can be the volume of the hydrijscd as 
fined by 

undaries of the capillary. Gellation of the hydrosol can then 
induced zo 

rm the monolith, the monolith having a secc'nd volume defined as 
e entire 

I ume eniiiijmpiassed by the outer boundaries of the monoli th . The 
■:-'jnd vo lume 

at least abc^ut 95 ^ of the first vc>lume. Preferably, the 
C'jnd V'ldume is at 
least about 99 ^ C'f the first volume. 

PR: 

r silica monoliths , it has been discovered that prc'Ciue'lna i 
drC'S'jl naving a 

lativeLy b^w ratio- ot Si(9.sub.2 units tC' solution Vi-dum^e- 
^ . s 1 ts in 5':d !.■:! 
silica material that has underg-jne essentially nc' syneresis, as 
di s cussed i n 

Jjnes et al. J. Non-Crystalline Scdids, Vol. 101, pp. 12:-12-6 
( b^:: 8 ) . In one 

emkMi.diment , the hy'lrc'S-i'l has an SiC).sub.2 ccTicent ra t i 'jn ot less 
than aljout 5 

iM^L, pire f oral' 1 y between at'ir^ut ? a/mL and akxjut 5 g/mL anci m^jre 
p ref erably 

Ij'z^tween ah'LUt 4 g/mL and at-ijut a/mL, A balance snc-uld be 
3 -hi ev-^ni l:-otv;oen 

preventing syneresis and reducing the structural integrity of the 

mar^rial whi.::h can be caused by an extremely Ic-w S iC) . sub . 
: jr.cen^ r i'jn . A 

f;.. rther decrease in S:i'J.suk'.2 C':'nL:ent r at ic^n may r"edir:::e a numtjer 



ci:: 1'. n-T^i 'z'Mii.' iuj:ii"nl, geii^i i.-n i j nv.K-^ -vi .4_ ^ .i. ^ O t- ii .:ar. 1 1 i. ,;-<r y t. 
r r ''V i. d e a 

c: 1 la ry c-jlumn 'j^jmpu i s ing a monolith . An aavantage-:'US icdtuie 

gellati'jn inside a capillary is the possibility of a covalent 

a 1 1 a ::i"imen t 
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between a capillary inner wall and the monolith , providing the 
cc'lumn with a 

structural integrity that maintains the monolith within the 
cc'lumn. A cC'Valent 

attachment refers tC' the formaticin of a covalent chemical I'Ond 
betv;een the 

monolith and the capillary. For example, the cap'illary can t-e 
n:ade c-f glass , 

A surface of the glass, preferably the inner wall cd" the glass 
capi 1 1 ar y, can 

have cc'ndensible chemical arc-ups . In one emb<jdiment, rhe grC'Ups 
can be 

terminal Si--OH grc>ups which can undergo a cc'niiensat ion react i^jn 
with the 

monolith whi::h aisc' has cvjndensikd e chemical groups. Fc^r' 
^'xampde, the monolith 

can have terminal M--OH grcnaps which can reac:t with Si--'JH groups 
ot Che inner 

capillary wall to p-roduce a covalent M--0--Si linkage between the 
monolith and 

tt.e cardllary. In one embodiment, M of the monolith can be any 

m*;^tal or main 

greet: elem^'nt, such as s 1 1 i C'tn to provide an oi--ij--oi linkage. 



T J allcw the mokiile P'has^' to pass thrv'ugh the monolith , 
preferably the monolith 



io a pc rc'Us monolith havincf pMtres c^f an average piitre dim-nsicci or 
di ameter . 

Preferably the average pc^re dimension i.s Ijetween ak^c-ut C' . 1 .mu.m 
and ah't'Ut 10 

.mu.HL, and more pueferably between about 0.2j .mu.m and abC'Ut o 
. mu . :rT. . 



When there is a cC'Valent attachment k^etween the inner capcllar^y 
w-i 1 1 anii the 

monoli th , the sapillary tclumn z':n have alt-"' have r^-r^s dpfined 
r^y a p-i'itiim of 

trie monolith , a c-trti-jn ot the wall and the ::civaie-nt bonds. Such 
■ rfo\.l-io ■'■■;i.um:"- t.ntt. un\:ie r-gc-r s 'z^s t en t i. d 1 w ^ '/■'^^u -^^s i :^ h^o^o^ 



- ^■-^:1 h^^ ^-.r. r- -r'-^ f ^h- monolith . ^d^^. 4A shows a 
c'jUH^ma tic 

"uc s s - s t i jcul xr^ta ?t ^ :;r-, i 1 i =^ r y r'rUii^n '-.^.vino r-. monolith tl 
L s f o r'med 

with essentially nj ^.yneiecis. Cap-illary ctCumcn ^CJ nas a 
capallary 41 

tom.pirismg an inner wall 4i. Monolith 44 is atta<::hed tj inner 



12/18/2001, EAST Version: 1.02.0008 



wall 42. 

Monolith 44 also has pores, for example the ■::rC'SS-sect ion cjf pore 
4 6, which 

have a first mean diameter. 
DEPP : 

FEG. 4B schematically illustrates a cr(::iss-sectional area cf a 
capi 1 lary c<:>lumn 

50 having a monolith that is formed with syneresis. Syneresis 
causes a 

shrinkage in volume of the monolith resulting in deieteriC'Us 
effe^rts such as 

the f'.'rmatic-n of i^hannels. These channels can have excessively 
1,-rae 

dimensifjns that can r^rovlde, at least in r^art, a flow path f 
leasz res I sr. ance 

fC'T r-'-rt i c ns c-t the mc'bile p'hase to bypass p'C>rtio:is of the 
stati'^nary p-hase. 

The extent C'f at'SC^rpt iC'n/deS'jrpt ion c>f the mc'bile p)hase i s 
minimi zed and 

streahiing of the cc^mponent bands can occur, resulting m poc>r 
resc 1 ut i'jn . I n 

FIG. IB, channels such as c:hannel 48a '::an t^e fi^rmed wh^i-n 

y L T c 1 ^ U -z- ^' c- jC' L'ndc 

iO'.c.v; : th ^ monolith ^;nd the wa ! ! ^ ''^ y^^^^v , i d-i i : i < a. , 



channels may be 

foriT.ed within the monolith , such as channel 4 :ij . 
DEPR: 

Anijtn^i emij-i'diment pr^i'Vides a capdllary ccdumn having a silica 
monoli th where 

channels have a se':.:ond mean diameter, such that the secc^nd mean 
d : iiT.^ ^. e r i s 

greater than tne first mean diameter {of the p^jres) by 1*E'SS than 

the first :nean diameter, preteratdy aijout 1^5- of the liiot mean 
oi ameter , moro 

P' r -- f r atd y t^^'^n -.hour ]]C}1 r-f the first mean diameter, mc-re 

:nan :itc)U" l-":^' of the first mean diameter, and even mor^^ 



In .:.n-.cner --mn ri i:TL'v'n t , tne n.-'tn-.^a i u :. i. ii-^i '..ir-i , -i ■. . ^.c. ^ ^ ... 

:f th^ 

monolith . Tnis d--r i va t i zat i -"'n all:'Ws tailcjimc -jf tne monolith 

f V : r a V a I i L y 

: f 'jhiajmat jgrapihic separat icTis . Fjr exam.p'le, a surfaite can be 
m ::C'ryiorate d 
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into the monolith that is useful for reverse phase 
chromatcigraphy . Such 

surfaces can comprise long chain alkyls or other nonpolar group^s. 
If, for 

example, the monolith is silica, the surface may include 3i--0n 
or Si — 'J?. 

groups that -ran be derivatizeii tc- form other Si--C)-lir:kages to 
O'ther (jrganic 

groups, such as alkyls. Other derivatizat i-ons are known in the 
art and these 

are in accordance with the method of the invention. 
DEPR: 

Anc-ther aspect C'f the invention p^rovides a capillary codumn 
having a monolith . 

^'^"^ rnonoli th can have features described abc've of a monolith 

prepared in 

a'::<::ordance with the method of the present invention, including 
re a ct i-iT: 

C'jnditiC'ns such as react ants and react ant concent rat i-jn . In 
partio'ular , the 

monolith C'f the capdllary ccdumn is prepared with essentially no 
TTnereTTs to 

^void o formation of undesir^=^d channels that may result in tDoor 
: ^ ^ f ar:"^- i rip r- f r-man -^ . 

[iE r F' : 

A sili'::a monolith column san alsc' be p^rep-ared by f^jl lowing the 
ai. )'„ ve y i jce-iur e 

but sut'St i tut ing 887 .mu.L of tetraethylc^rthosil icatc for the 
ten rame thyl.i.r thijsi 1 icate . 

E>:anLp)l e: t*rep)ar atiijn c^f a Silica Monolith Codumn 
oi.t'V: 

5i pcvrous siiira monolith navmg piores of a first mean diameter 
an-'i cTiannels of 

:i sec-jnd mean diameter, wherein the second mean diameter is 
greater than the 



210/198 .2 
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D'jCUMENT-IDENTIFIER: US 6136187 A 

TITLE: Separation column containing porous matrix and method of 
p acking cijlumn 

DE PR: 

With this monolithic packing method, chromatographic materials 
that are charged 

and uncharged m nature can be embedded into the scd-gel matrix. 
Ell f f erent 

f unct ional i zed/derivat i zed sol-gel precursors can tie used to 
prepare s-rd-gel 

glasses v;ith different physical prijpert ies , such as pore size and 



■marge. The pc're size may be selected by i::hoosing an appropriate 



P'recursor. For example, to obtain larger pores, 
t e tramethy lorthosi licate may 

h-e used as the precursor instead of tetraethylorthijsilicate 
indicated above . 



" F'reparat icTi and Characterization of Monolithic Porous Capillary 
Ci' lumns Lc'aded 

with Chromatographic Particles," M. Dulay et al.. Anal. Chem. 



sa r face 



5.:l-gel 



210/198 .2 



V 1 . 

De - . 




pp. 5103-5107. 



12/18/2001, EAST Version: 1.02.0008 



DC'CITMENT-IE'ENTIFIRP : US 6077434 A 

TITLE: Current-efficient suppressors and method (:'f use 



DEPF;: 

The term "p^acking" refers to stationary f Ic-w-thrijugh solid 
material disp'Osed in 

a flow channel c-f the suppresscjr. It can Ije a screen or a porous 
monolithic 

matrix, a"resin particle bed or other form. It can be strongly 
chargeii, weakl y 

■I'hargeii cir ot neutral charge, as will be explained. The teim 
{i-ack i ng i s 

i 1 t^iTia L iv^d, y called "bridging means." 
E'EPP.: 

In the ab'jve system, one way to increase current efficiency is 
leave the sampde 

stream fbi-w channel c-pen without packing or t-:- use p^acking which 
is of neutral 

r-harcM- jr ot b:'W cap'a::ity relative tc^ the packing cf high 
csf'aci ty i c^n exchange 

:l. i a 1 i:\ zr.-:- i:n receiving fl'jw i^hannel and^ for a two 

nL';;m]jr."ine supru ►i-sS'i r f 

i:\ x/hK- i on sC'Ur^ce ii^nannel. While the aki{jv^:^ descrip't i :-n refers to 

s ^ at i.'^nar y t I ovj-thrr,}:gh pa'i^king C'f i'jn exchancie material in the 
f'^rm -J f a hig^h 

capacity '::harge'l s^'reen, ^jther f-orms cif p^acking may also tie 
em]: l oye^i as 

ies-::r ] t'Od. ate v^;- . SU'r.h other piair.king forms of iori exchange 
ni.:d. lal i nrlU'le 

P'a'?f:e.:i be.is cd ic'n excdiange resin or monolithic materials jf 
' L-j r vj ' 1 m i t IT i -1 1 

with suffi:'ien:. pcr:c,::a.ty tor the flc>w ot an aque-jus liquid stream 
tnr I'Ugh them. 

Ir^^- piackrn^if an the i^-n cecieaving cnannel has .:i s ubo I aut La 1 ly 
hi-?her :3f:-itity 

^ - ^ - r- V "K r ! -Tc r^^.-V'ii-^a 1 ri tVi^- s a mole flow channel, if oresent. 



:.>■■■-■,. -■^ V,,. ..-.r-.f 'i--^>o i^, tO^ -,^|Tit)io r. t"r^aiTi f J ow ohci:in-: 

trie pack ing i n 

' ■ i ' o, ; i i r: 11 '.v; "'htnntl. Sc'tal^^y/ ^i^^^ ^^^t-i,-, 
cnriacities 'Cf tne 

p)-<cking in the sampde stream flciw channel to that in the 
receivina s-itream 
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flow channel is no greater than 

greater than about 

0.7 to 0.5, and more preferably 

CCXR: 
210/198.2 




about 0.9, and preferably no 
nci greater than about 0.1. 
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DOCUMENT- IDENTIFIER: US 6071410 A 

TITLE: RecC'Very cif organic Golutes from aqueous solutions 



P.SPR: 

In an alternative embodiment, the sorbent bed is a monolithic 

matrix fcirmed in, 

or inserted intci, an appropriate supporting structure, such as a 
ccdumn tube, 

cartridge, microplate well, or channel of a microdevice. 

CCXK : 
210/198.2 
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DOCUMENT- IDENTIFIER: US 6066258 A 

Tri'DE: P<:'lyiiucleot ide 3cparations on polymeric separation media 



A3?L: 

Ni:ri-pc'lar picdymeric separation media, such as beads or monoliths , 

are suit at'. 1 e 

for chrc'iuaro.jr aphic separaciijn c-f mixtures of polynucleijti(ies 
wh e ri t he s u r t a c e s 

c-t the medra are unsubst i tuted c-r substituted with a hydrocarbon 
o roup having 

from L-ne to I , OCi'J, OO'"; carbc-ns and when the surfaces are 
s^^i'S 1 ini i a 1 1 y f ree f rc-m 

n.ur. 1 Va len t. c.xl..i-:-r. c ont aminat ic*n . The pol ym^e r ic medi a provide 
ef f icient 

set'arat i'l-n polynucleotides using Matched Ion I^jlynucd eot ide 
C h r oma 1 1 J g r ap h y , 

Methijds f'i'r maintaining and storing the polymeric: media include 
t r eatment wi th 

it;.; 1 1 i va 1 enc c^a"^ i oti cu. nding agents . 

The- vroser.^. inventi^jn is cnreCLed Le the sepaiaticn 
z J 1 ynu'i: 1 eC't i -iC'S us incf 

n :T[-pi':>Iar sc'paratic'n surfaL:es, sucn as the surfaces of r-jlymeric 
1:-^ ads ani 

surfaces within mcdded monoliths , which are sut^s t ant i al i y frc-e 
f rorri 

C':'n:.amina t i'ji'L wi th mul tival ent cations . 



An"tner cbi'iect i-f the present inventicci is to p-rc'Vide a metnc'd 
i : r s or - a r at i :o~r 

p : 1 ynuc b:^c^t i <les using nctuf ^jrcius pcdymer separatic-n media, sjci: dS 
keaus or 

monoliths (e.g., i-jOS i , liaving^ noc-react i ve, nc^n-rirdar surfaces. 



-rn=^r'* , tU'E: iiwenti-jn it. a meL:i^.^'0 



P'airs t'j a pH:,lyrTier ic sepaiati^^n m^zrdiuiu havmg i^o^'n-po^ai 

Slits t ar.t I a I J y free fr^jm ccait aminat ic-n with multivalent rations, 
and elutmg th*:' 

mixtur-' jf polynucleotides. The firef erred surfaces are 
nonporous . The 
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non-pc'lar surfaces can be enclosed in a <:olumn. In the preferred 
embc'diment , 

p^recautions are taken during the production of the medium so that 

It IS 

substantially free i:^f multivalent catic^n i::ontaminant s and rhe 
medium is 

treated, for example by an acid wash treatment and/or treatment 
with 

multivalent catic-n binding agent, to remove any residual surface 
met a 1 

ce-ntaminant s . The p^referred sep'aration medium is characterized 
hy having a E)NA 

Sep'arat i'jn Factor (defined hereinbelow) (jf at least 0.05. The 
rr^re f er red 

separati'i-n medium is als(j izharact^r i zed hy having a Mutatnjn 
Sep a ra t b: n F.::iCZor 

(as defined hereinbelC'W) of at least 0.1. In the preferred 
embC'diment , the 

separation is made by Matched Ion Polynuc lec't ide ChrC'matO'jraphy 
(KIPC, as 

d^'fined hereinbelow). Examples of non-polar surfaces include the 
surfaces :^f 

t-jlymer beads and the surfaces ot interstitial spa:-es within a 

. 1 , ,,,, - V i 

monolith . The elutic^n szep 

rr-Z r'r. : 

In yet an-:- 1 her emb)Odiment, the invent i-jn is a me the a f<jr 
sep'arating a mixture 

'jf p':d ynuclecir ides cc^mprising flowing a mixture 
pcdynucl e-i't i des having up tc* 

lOOC' l:-as^;' pairs tnrciugh a piolymeric monolith , an'a s^E']jarat ing the 
n.ix ture f 

r--' 1 ynu^' 1 ec' tides usina MIPC. In this emt)C'diment , tne n^jn-pcilar 
separati-n 

eui faces are the surfaces itf interstitial sp^aces of a pjijlymeric 
monolith . Ar. 

^I'xamrile^ ct such a monolith is a podymieri:- red prepiar^d within the 
ce>nf'in-='S of a 

. : ^ - - - - - ^ - -':bimr. '^hp monolith ot the inventi^^'n is 

' 1 ~: L ^ r i Z "i t' '■ ' 

: ^"^-r: r a^ i '-'^-^ H^^.M-ir r,t <^t least C.'':>. ]v. n pr-^it^LL^d 

■:-m;j:.' iLm^rit , 

'a-- monolith ... z::^ r a ^ r ^ ^ ^-'i Y-'.' ^zavin-7 a F^NA Ser-a r a I'jri Facttzr 
■^-f a~ 1 east 

. . in e monolith i p i - f - r Zib 1 y zh a r a c ^ k i - ^ h y ha v i ri q a 

X..;tat. i zn Separati on 

Fa:'tZ'r of at least 0.1, The mLC)i:)iie pha^D-^ used m tne sepHi.ni i wZi 
P'ref er.aidy 

mziuies an arqanic solvent as exemplified Izy al'ZZihZ'l, nitrilO; 
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dimethylf ormamide, tetrahydrof uran, ester, ether, and mixtures 
thereC'f . 

Examples of suitah'le solvents include methanol, ethanol, 
2 -pre p anc' 1 , 

1-prC'pancd, tet rahydrc' f uran, ethyl acetate, acetoni t ri le , and 
mixtures thereo f . 

The most preferreii organic solvent is acetc-ni tri le . The mobile 
phase 

preferably includes a counterion agent such as lower p-rimary, 
secc'ndary and 

tertiary amines, and lower tr ialkyaminonium salts, c^r quaternary 
a miriL' n i um salt s . 

Kcre specifically, the counterion agent can k^e octylammonium. 



a d i m e l Yi y 1 a itlitlC' n i um acetate, decy l amim j n i um a c e t a t e , 
'/-rtaciecy 1 ammcTLium acetate, 

Z' y r i d i n L umaKimC' n i uitl acetate, c y c 1 o h e x y 1 ammo n i um a e t a t e , 
d i e t.h y 1 ammcin i um 

ii^i'etate , p-rC'C^yl ethyl ammionium acetate, propyl diethyl ammonium 
a cetate, 

\y-:. r y let h y 1 airimii' n i um acetate, me t h y 1 h e x y 1 ammi j n i um acetate, 

t e t r ame t h y 1 aiiai' j n i um 

3 7 - 1 a t e , ^ e t r a e t h y 1 animo n i um acetate, t e t r ap r ci ri y 1 aiTimo n i um a c e t a t e 
*" ■:■ : r' ^ ^ y 1 anmi-:: i um a^r.e t at e , dim.e t hyili ethyl amiriiani um acetate , 
t r i e t h y 1 amnnan i um 

acetate, t r ipir 'jpyiamim-i'nium acetate, tr ibutylammonium acetate , 
t o t r ap' r o p> y 1 anmi'j n i um acetate, t e t r ak'U t y 1 amm-a n 1 um a c e t a t e , a nd 
mixtiaies any 

^ ne 'jr m^-re of the ab>jve. The cciunterion agent in'::iudes an 
aniori, e 

a'l'e t a t e , ■::ar]:)>anate , b i carbonate , ph>asphate , sul f a t e , nitrate , 
P'T-: pi iciate, 

f.iuHLate, 'I'.hl'jricie, p-erchlorate, and r)rC'mide. However, the m'jst 
L-^'Unt-r-r i ag^:nt is triethy] amm-aniuni acetate . 



I n ^h-^ ru eferr ea emcia-aimen t , pi -rcau: ia^ns ar^e ti^k-^n (during the 
p r -"iu^'t I oi: f the 

; :/:a-:: monol i th ^--^ ^ha^ it la sul^^.t ant ial iy free -)f 
:\. A t i -.'a 1 -r^:. at i ':>n 

. .:o' "t" monol i th ir ^ nriated, i^.u" -x aiiui; 1 , L^y an ■ 

wa 

: r-:- t:y^: a , ■ :vc _.a\y r'--''iu=:^ -urf^:''=^ metal c antammant . 

emr'a:iim^-nt , tne monol x th la aharac^ :^^^d hy hiavinq a DMA 
."^epar.at i :;n Fact-ar^ nf 

at least O.'jS. In a preferred emr)':'diment , the monolith ia 



:h iira-..- tar i zed by 



having a L^NA Sep-aration Factar of at least 0.5. Also in a 
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preferred 

emb'jciiment , the monolith is characterized k-y having a Mutatidn 
Separat ic-n 

FactC'r c-f at least 0.1. 
Bo PR: 

In an'jther aspect, the present invention is a methed for treating 
the nc-n-polar 

surface of a p'jlymeric medium used for separating 

: 1 ynuc 1 eot ides / such as the 
surface of beads in a MIPC ccdumn or the interstitial spaces in a 
p-j 1 y^er i c 

monolith , in c-riier to improve the rescilution c^f po 1 ynui::l ec^t i des , 
such as lIsDNA, 

sep'arated on saiij sui-face. This treatment ini^lud^-s contacting 
the surface with 

a s^du::i'Jn cc^ntaining a multivalent cation binding agent. In a 
p ref erre'i 

eni'-jdiment , the solutic>n has a temperature of abc'Ut 50. degree. 
C . to 

90.de':rree. Ari example of this treatment includes fl'jwing a 

i.:du:ion 

n ta i n 1 ng a multivalent caticm kiindiriLi acrent thrc'ugh a MIPC' 

the S'j luticn has a temperature of ab^'Ut o^j .^s^'Jil^'- , C. t>.. 
'='0 . i-e gree . C. The 

rreferro'l temp^era tur e is abc-ut 70.':legree. C. to 80. degree. C. 
In 1 p^ref erred. 

enit'C-diment , the multivalent catic-n kdnding agent is a 
ooo r d i na t i or. C'jmpic-und , 

eximpdes c-f which include water-soluble chelating agents and 
c r-'jwn e ther s . 

op'e'id. f ic examp'les inid ude acetylacetC'ne, al i zarin, alumin-^n, 

1 'jr ani 1 i c i d, 
K-:']i.:: acia, :u^:.rin, rhc-:ii zoni'? acid, tniC'nalide, thiourea, 
. i Ip'ha . - fur i b:li oxime, 

n 1 'jx ime , sa 1 i iity lal d'jx ime , dimethy Igl ycix ime , . alplna . - fur i Idi'i xime , 
c ..ip- f err ijn, 

. Ip'ha . -n i : r<: so- . k-et a . -naphthc-l , ni t r oiso-P.-salt , 
iiph-ny] '* rr-^ zon^, r i ■'-.::nr'jme JoiacrC I, PAIn, /^^^P^w., 

: \ - , — / ' ^ ' > ^ ^" : an i n o ^ r i ^ hy 1 am i ne , thi c na 1 ide , 

t r i - thylenete t r amine, ethyl enediammt^ te t r ascetic .a -i a \-.^o m; , 
n;e: aipintri ^ i.-j: n, 

ar-: :'nic -I'd'is, .alt'ha., .alp)P:a. ' -kdpiyr i-:iine, 
4 - h y d r I J x y b e n z o t h i a z ^a 1 e , 

&-hy Ir.axyqumaldi ne y-hydr'jxyquin'jline, 1 , 10-phenanthrc'line, 
I 1 ::ol ini a a ai'.l. 
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quinaldic acid, . alpha . , . alpha . \ . alpha . terpyridyl , 
9-methyl-2, 3, 7- trihydroxy- 6- f luorone, pyrocatechol , salicylic 
acid, tirtjn, 

^ -chliorii'- 1 , .^'-ilimercapL (-'benzene, di thiol , me reap tob en zoth lazed e , 
r ubeani c acid, 

■oxalic acid, scidlum diethyldi thic>carbarbama te, anil zinc 
diijenzyldl thiocarbamate . However, the most preferred chelat ing 
agent is EEiTA. 

In this aspect C'f the Invention, the soluti-jn preferatly includes 
an C'rganlc 

S'jlvent as exempdified by alcohol, nitrlle, dimethyl formamLde, 
tet rahydro f uran, 

•z'Ster, ether, and mixtures there<jf. Examples of suitable 

S': 1 verts mc lude 

me-rianol , ethani:'!, 2 -pirC'P'anC'l , 1-prijpancd, tetrahycrcifur an, etnyl 
3i.:er at e, 

a'O.et-iTil rrl le, and mixtures therec-f. The mc^st preferred cirganic 
S'jlvent is 

acet c-n i t r i 1 e . In one embodiment, the sc'lutlon can Inclu'ie a 
c o un t e r i c- n a g e n t 

such as bjwer primary, secondary and tertiary amines, and l<jwer 
^ r i 1 <yamm-: n ium 

saldv?, or quaternary ammuniumL salts. M-ore spieci f icall y, t.h^' 

can ije 'jc tylammijnium acenace, ij'::LiadiitLe ;..iy 1 i^naTiCLium a c^ f"' , 
iecylairaTi': nlum 

a z e r a t. o , -jc t a dec y 1 ammc- n i um acetate, p y r 1 d 1 n 1 umaKiirL':) n 1 um a c. e. t a t e , 
■z y 1 J h e.' >: y 1 mi-:' n 1 um a ■:; e t a t e , diethyl ammC' n i um a e t a t e , 
p r c p y 1 e tdi y 1 ammi on 1 um 

a c e : a r o , p r 'Or' y 1 d 1 e t h y 1 amirn j n 1 um acetate, 1:)U t y 1 e t h y 1 ammc' n i um 
a z -0 1. a t e , 

met ri y i h e >: y 1 amm'O n 1 um acetate, t e 1 1 ame t h y 1 amm^ :> n i um a c e t ate, 

t. e 0 r 5; o r h y J ^.o ctlc- \\ 1 um 

^ a t , r, e r. r a pi r - jp- y 1 aiiLmori i um acetate, t e t r ari u t y 1 amm-z n i um a c -e; t. ate, 
^iiiue thyd i th;^d ammon i ';m acetate, zr let hy 1 aiirnhzn i vim ~z^-t^ te , 
: r i pr Z'pyl anaLzr:lum. 

a e r. a t e , t r j izu t y 1 amm'O n 1 um acetate, tet r api r zpj y 1 amiriz) n 1 um a z e z i t e , 
zetraouzy lammz'nium az'^tate, ar.d mixtures of any ---ne Z)r m'Zre z^f 
the ih'zve. The 

^ ri i'^^' z ^r:c]z;dez an anlz^n, e.g., a':etat^=^, z^art^onaze, 

1 i -rb-:^--, 

r-^:--, w^t^., •-utr-ote, x;: r zruon t - , f o lzi:. t. e , ::hizriir', 
iz^z :-ni.- raz-:-, --a 

. . zed:. '•>^^--^^>, r- T^^-f^-^ pr^^f-rr^'i '"-'"lunt e r i zin ajznz is 
r zi e t hy L ammiion lum 



r^r- r r. ; 

Iz yet a further aspect, the invention p)rz)vizles a m-'thod fztr 
.-J : ■ - r in :r a m-zdium 

use:i fi.-r sepiaratiiig fHjlynu'Ole'Zt ides , e.g., the beads 'Zf a MIPC 
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cc-lumn or a 

P'.lymeriir monolith^ in order to improve the resolution of dc-uble 
stranded EiNA 

fraaments separated using the iTiedium. In the case of a MIPC 
lumU; the 

preferred meth-jd includes flowing a Sijiutic^n containing a 
rri u 1 r. i V a L e n t cation 

kdniiing agent through the column prior to storing the column. In 
a preferred 

eiTiT'LHliment , the multivalent cati-on binding agent is a 
cc'ordinat ic>n cc^mpound, 

examples of which include water-soluhde chelating agents and 
crC'Wn ethers . 

J r e^:' i f i ■:: ex amp 1 es include ace tylace tone, alizarin, al uminon, 
ch iL'ran] 1 i c acid, 

K:jic a^'id, nu^rin, rhodizonic acid, thic-nalide, thiC'Urea, 
. a Ip'ha . - f ur i Idio^xime , 

n iox ime, sa I i cy laldoxime , dimethyl gl yC'Xime, . alpha . - fur il'lioxime, 
cup'f err^Ti, 

. a Ipha .-nit rc^sc'- . h-eta . -naphthol , nit roso-R-sal t , 
o i p h e n y 1 1 h i o a r b a z o n e , 

:iiF'h-'ny 1 :'aroiZ'-ne, erio::hrome black T, PAIJ, 3PADNS, 
g 1 y^'xa 1 -]j i s ( 2 -hydroxyani 1 ) , 

-r.-; r.:,A \ <i-^ , . 3 1 oha . -k'^ nzcd nox ime , manoe I i c aci-i, anthran 1 1 i :: aiid d, 
e:ny leneaiamine, glycine, t r i amincai i e Lhyl aiuine , thior...3. ' ic^^', 
tr ier,hylenet et ramine , EDTA, metalp'htha lein, arsenic acids, 
. alpna . , . alpha . ' -bipiyr idine, 4 -hydrc-xybenzcithi azole, 
■:■ -hydrC'Xyqui na 1 dine, 

-hy'lr-jxyquincd ine, 1 , 1 Ci-phenanthrcd ine, pi(::'jl mic acid, 
quinai'li c aci-ii, 

. a bc'ha . , . a Ip'ha , ' , . a Ipha . " - terpyr idyl , 
9-methy 1 -2 , 3 , 7 - 1 r i hydrc>xy- 6- f iuc-rc-ne, 
r^yr : c it ooho I , sa 1 i cy 1 i^:: ac i d, t i r jn , 
4 - rh 1 ^ir'j- 1 , 2 -dimercapt'jbenzene , di thi C)l , 

n.-r I capt'^benz ^ thi azole, r^utieani c ac: i d, -I'Xal i i: a :: i d, sod lum 
:i] ethyl^ii t-hi'i' rartiarbamate, and zinc 'iibenzyldL thiocari:)amate . 
However, the nic-st 

f'Te^g erred ■::nelating cigent is E2;TA. In th:s a-nect of rhe 
mv-ntion, :h- 

" ! f^r^^^") ' v iri'dud^s an jr:iani:: solvent =is e'xemplified by 

: b" ^ , -^^ ^ >>-c.r V, : c r 1 r rnani 1. d'- , t.e*: r ihy ..ir u r =in , ■:->tt'i:^, :\nd r^^n-rs. 

- ; ^ ' -"d^:^--n^ is =1C-'^.',rll ^ r i le . Tne 5C'luti:;n can .:also 

ir.clu'le a 

^ . -^L L J. I ..-.'rr.t' curb i,-»w--r r>rimarv, secondary and tertiary 

i n^^s , and 

b'.v^er trialriyanmioniuiiL sdlts, o>r guarernaiy -immonium salts. Mi-ire 
sp'C-:: i f i ca 1 1 y , 

trie -.'ounterion agenr. can bn ■:)-::tylamm-:>nium acetate, 
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Oct adime thy 1 ammonium 

acetate, decylammonium a<::etate, C'Ctadecylammonium acetate, 
P y r i d i n i umammo n i um 

acetate, eye lohexylammonium acetate, diethylammonium acetate, 
f ropylethy 1 ammcTiium acetate, piropiyidi ethyl ammonium acetate, 
b u t y 1 e t h y 1 arTono n i um 

acetate, methy Ihexylamjiionium acetate, ret rame thy 1 ammonium 
acet ite, 

t e t rae thy 1 ammonium acetate, tetrapropylammonium acetate, 
t e trabutyl ammonium 

acetat: e , dime thy lii ethyl ammcnium acetate , trie thy lanimcinium 
acetate, 

t r ip.'r-'jpylammc»nium acetate , tr ibutylammo'nium acetate , 
t e t r ap r 'jp'y 1 ammic-n lum 

IiEF'P : 

The medium can t^e enclosed in a column. In ijne emk'Odiment, the 
nc-n-p'!' 1 ar 

sur-faces C'jmprise the surfaces of polymeric beads. In an 
al terna ti ve 

^£':ilj: C'd indent , the surfaces comprise the surfaces of interstitial 

sp'3:--'S m a 

n.^: Me^:i r^clym^ric monolith. For purposes cf s impd i ty ing the 



i'~n ■■■I 



inventiC'U and n(jt by way ot 1 imi tat i C'n, tne c-p-ai 



pc- 1. ynucl ec't ides us i ng 



rc-nr- re us Ijeads, and the p'reparation of such beads, will he 
Vjl inicii i 1. y eies-:: r iljed 

herein, it c-eing uniler s tos-d that -jther separati-jn sulfas 



r:^ S f ::3UCh 



interstitial surfaces cf riolymeric monoliths , are intended to be 
inc hude'i 

WLthin the so.ope -jf thi.s iriventic-n. Monoliths such as r-jds 
c : :"i t a i n rj j 1 \^[o r 

sep-ara: 1 ijn meaia which hav^E' been formed mside a cc'lumn as a 
um t ary structure 

h^ivrng thrc-ugh pc-res or interstitial spa^res which allc-w elutmg 
s ~ ^ \'' ^' ^ a d 

ly^'^ z pHss thr"i:Miah and which: p^rovide the nc-n-pioiar 



Li\ i n'.i t n*^: r' i i L:u-^n t o i L::e [.jl-t-.-'-. ^n . ; ' o : ! c 

^.'r.o fjrm. jf a p^'lymeric monolith such as a i^jd-like monolithic 
1 umr. . Th- 

monol i thic -ii-jlumn is polymerized or formed as a sing].^' unit 
1 :.s i :le :> f a tube as 

desL'ribe-J in the r]:>:am.p)les hereinbelow. The through p)':ire or 

mt -r^rs t : t la 1 sp^cos 
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provide for the passage of eluting solvent and analyte materials. 
The 

separatii"»n is p^erformed on the stationary surface. The surface 
can be pc'r(jus, 

but is preferat'ly nonpc-'rous. The form and function of the 
separat i<jns are 

identical tc^ columns packed with beads. As with t-eads, the pores 
Cijntained in 

the rod must be compatible with EiNA and not trap the material. 
Also, the rod 

must not cC'Titain contaminat i-i-n that will trap DNA. 

Tne m^jlded P'C-lym.eric i^'od of the present inventic-n is prepared by 
j:.ulk free 

ra':iical r^o 1 ymer i zat i on within the confines of a chromato>graphic 
col umn . The 

fc-ase polymer of the rod can tie produced from a variety of 
P'Cd viTier i cable 

mon"~mers. Fc-r example^ the monolithic rod can t)e made frcim 

1 ymer s , including 
m■-^n^ - dLYi'i ''ii -vinyl substituted aromatic compounds such as 
sr yrene, sut'Sti tuted 

SI. -.".-c , :il)jha-sub.-t; i r ut ed styr.zines and diviny Ibenzene; 
a ::i y 1 ates and 

nte thacry ] ates ; pC'l yole f ins such as poiyprcjpylene and 
F :dyethylerie; pM-lyester's; 

p 1 yurethanes ; r'^^'l yami des ; p'jlyca rb-jnates ; and sutsst i tuted 
p^ :d yme r s i nc 1 ud i ng 

f lU':'ri:'Sur'Sti tuted ethylenes commc>nly known under the trademark 
TEFhON. The 

rase r^'jlymer can alsci be mixtures of polymers, nc-n-l imi t ing 
e X ar\\p 1 e s o f wh i ch 

1 nz ': ■.^■ie p J ] y ( gl y^r^i-iy 1 mer.hacrylate-cC'-ethy lene dimethacry late ) , 

p J ] y ( s tyrene-di vinylL)enzene ) and 

P' j] y ( ethyl\'inylbenzene-di vmylbenzene . The 

r li T^an I'l^ u.nsubs i tu t ed or substituted with a sut-s t i nuent such as 
a hy-Jr-jcariiM^n 

alkyl or h:. -iryl gr^jup. The alkyl grciupi optionally has 1 to 



^ f -■ f - - . z ■ 



'I- brauvrdied r.nain, nnj :r.L.;^. 



r^r 'U':'"ri ch.- i ned, cyclic:, sarur dL-z^^i, 
iu::c:.. 1 o:i i „f r j ....p > i 

\viri':'US ^yp^es including aldehyde, ketone, ester, fjtner, :ii^v: 
gr;'up)S, -in'l Mi-: 

li-:r/ d'ld tliC aryl gr-oups includes as monocyclic, bicyclis, ana 
t r 1 •;:ycl ic 

ar-jmatic hy'lro>::arb jn groups including phenyl, nap'hthyl, and the 
ilk'-. In a 
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preferreid embodiment, the alkyl group has 1-24 carbons. In a 
more pre f erred 

eiT±>odiment , the alkyl group has 1-8 carbons. The substi tut ic^n 
can alsc' c-jntain 

hydr'jvy, iryanc', nitro groups, or the like which are cc-nsidered to 
be non-pcd ar , 

reverse phase functic-nal groups. Methods for hydrocarbon 
sut'Sti tution are 

convent io-nal and well-knc'wn in the art and are not an aspect O'f 
thi s invention . 

The preparat i -jn C'f p'-jlymeric monoliths is by convent ic^nal methods 
well knC'Wn in 

the art as described in the following references: Wang et ai. (J. 
C'hr C'mat ■: g . A 

699:230 (1 994)}, Petro et al. (Aria. 'I'hem. 68:31':. (1996) j, ani 
tne f 'jl bi'Wina 

U.3. Pat. Mos. 5, 334 , 310; 5, 453, 185; 5, 522,994 tto Frechet:). 
Monolith or 

rod cc'lumns are cc'minercially available fc^rm Merck .S< Co 
(Iiarmstadt, Ciormany) . 

A rhr'jm.a: ar arihy tui-e m which Lhe monolith polym.ei ic setjaratlon 

P'r eu'a r-ed is made of stainless steel. I'ne uaji^^jni^L , clyL^_:..o 
( 2 i gma--Aldr i c'h 

■:3hemi>:*al C-c-rp.) and diviny Ibenzene (Dow Chemical Corp.) are 'ilried 
ovei 

niagnesium sulf"ate and distilled under vacuum. 
OEF'R: 

E^^lbjwiria ]:ir)l ymerization, the rut.ber plugs are replaced loy column 
enci f i tings 

Tir. :i the cc lumri is ccinnected tC' an HPLC system. The HF'LC 
msLrument has a 

w-pre?sure mixing quaternary graiiient capability. A cartridge 
auar'i 

1 umn .:-cTi t a ining an immcMiiace tate m-^i t i va 1 ent c a": i':'ri car'Ture 
:e~]n is rda::'^!d 

]i :"-^."'-'--n ^"^d umn an^i the mc*i'ile p^has-e; S'jurse reser\^:;ir. 

^ V ■. i r:y f v^^^-^ ^ ^"^ "t ^''^'>"'> ml, ct t.'^ t rah\'dr c.d u r ^ iTHF,. I 

M:- ij::::.vc ^t- ■■■l--i^--y^ ^1-ohcl and toluene, thereby 

ere Fit i ng 

tiii viugn-p-jre^. m i/iie th- iv;: s solid pw-Oymf^r monolith . 
DEE'R: 

Th':' n.jn-p! jlar , ■:)rganir pi:-ilymer monolith column is washed by 

t l.(")W.i na 
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tetrahydrof uran through the column at a flow rate of 2 luL p^er 
minute fcjr 10 

minutes fi^llowed by flowing methanol through the column at 2 mL 
per minute fc-r 

10 mdnutes. The non-polar, organic polymer monolith column is 
washed further 

k>y flowing a mixture cc-ntaining 100 mL of tetrahydrof uran and 100 
mlj o f 

C'jncentra ted hydrochloric acid through the column at 10 mL p)er 
minute fc-r 20 

minutes. FcdlC'Wing this acid treatment, the non-p<jlar, organic 
pC'lymer 

monolith L'cdumn is wasned by flowing tetrahydrof uran/water (1:1) 
t hr I'ugh the 

cc'lumn at 2 mL p)er minute until neutral (pH 7) , 
IiEPF.: 

Any d'juble bonds remaining on the surface of the monolith cijlumn 
P'repared in 

Example 9 are reacted with bromine as described in Example 7. 
I^EPC : 

r-r c}: arati jn of a Ncin-P'"ilar Organic Polymer Monolith 

' m i t j^^i ^" ^. V 1 ^. :.mn 

I'Er'2 ; 

Prc-minatii-n of P.emaining I'ouble Bc-nds on the Surface ot Non-Polar 
*jr <:(anic 

E'jlymer Monolith C'jlumn 

Xit. ratiijn of a Non-Pcdar Organic Polymer Monolith Ctjlumn 

o "^ y p ; 
210/198.2 



X.ak5ini.shi et al. Doubl 
L i qu i'i 
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DOCUMENT-IDENTIFIER: US 6056877 A 

TITLE: Non-polar rr.edia for polynucleotide separations 



BSPR : 

The p'resent invention is directed to the separation of 
polynucleotides using a 

separation medium having non-polar surfaces, such as the surfaces 
c f n'onporcius 

h'Oads C'r surfaces of interstitial spaces within a molded monolith 
(e.g., a 

d-e-r i vat i zed silica monolith ) , which surfaces are substantially 
free fr^jm 

cc^ntLaminat ion with multivalent catic^ns. Mijre sp'eci f ica lly , the 
invent i'jn is 

■iirected t-j the chromatographic separation of both single 
strande'l and doukde 

stranded pcdynucleotides by chromatc-graphy using a nonporous 
separatiijn medium, 

wher^f- zYi-:' medium is either c:-rganic or inorganic material which is 
cC'ated with .n 

: .1 y:^^^:'r , or n T^n-r^rd a substituted p'jlymer , and/c^r which has 
subst an:. .ai ly all 

surface suts:,rate gr«jups suk'Stituted with a nc^n-pcdar hydrc-carbon 

or r.'i'n - i^^nic 

suii'St i rut eci nydr^jcarlion . 

Th^'Se an^l ither ects of the invention, which will becc-me 
OTjTi'a rent f rc^m 

i: -'-^'img the f jli-:wing speci f icat ic^n, have been achievetd kty the 
n'^r:.h:o 1 the 

[ir -rs^n^ ir.v-n:,ion m which f -c 1 ynucl eo t i dec are sep>arated i:sing a 
r. :o.X' : r o-us 

sec'a rat 1-:^: mediuni such as t)eads or a mcd led monolith (e.g., a 

sill ca g^ ] 

monolith ' , v/here tne medium cjmprises either c^rganic or lU'^rganic 
>"0■^'^ i ::--:t-:Hl with a p-jiyn.--!, 'ji :luU-\:o^^^l z .^l- ^ \ ^'^ ^\ - .1 [ " - - : / 



^.y■:ir::lr:a^rl'Jn o r n-jii - I'jnic suliStitutei hydr o sa r bon . 

In oiiO aspect, tri^ invention is a meth'jd loi sen^^ retina a mixture 

'.f 

pc 1 ynu z 1 eot ides compr i s i ng ap)p lying a mixture o f polynuclett i its 
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having up to 

IjOO li'ase pairs to a separation medium, the separatic^n surfaces 
C'f the medium 

OL'Uted with a hydrocarbon or non-polar hydrocarbon suk'Stituted 
pr I'yTPcer, or 

having substantially all polar group^s reacted with a ncn-pcilar 
hydrijcarbc-n or 

subst i tut t:'d hydrc'Carbon grO'Up, wherein said surfaces are 
n<jn-p'jlai ; and e luting 

the pc'lynucle-jt ides . The separatic-n medium can be enclosed in a 
C' jlumn . 

Examples of r-jn-pc'lar surfaces include the surfaces of beads such 
as nc'nporc^us 

fi.uT r i 1 OS ani the surfaces of intersitital spaces within a 
monolith (e.g., a 

silica gel monolith ) , which surfaces are coated with a 
Yl y d r ' c a r i: t >: ' n o r n o n - p <j 1 a r 

sut'S t i tute'l p jl^T^er e-r having substantially all surface substrate 
gi 'jups 

reacted with a n-jn-polar hydrocarbon or substituted hydrocaricic-n 
'J:ouZ', In the 

pr -'ter rea 'e:mlj jciiment , pr^:M?,aut ic^ns are taken during the r:)r'jduc t ion 

^. t.h:.: 1^ 1 sur'-.tant ia 1 ly fr-:c :-f multivalent: cati^^^n 

■ : n t a i n a r. t. s a rn 1 t h e 
lu^'lium is treatO'i, fC'r exampile by an acid wash treatment, arA./or 
t tear men t w i. th 

mul:,ival-nt catirn binding age-^nr, tC' sur^s tantial 1 y rem^jve any 
r o s i du a 1 s u r face 

m-tal C'jnt amiinants . The preferred separati'jn medium is 
:*har ^iL't. er i zed by having 

a LIMA Sep^arat iC'U E^actC'r (defined hereint'elC'W) of at least o,^^^'. 
The r^ref er red 

iT['-':ii:im is characterized by having a Mutaticn Separatic^n Fa^i'tcu 
(as aefmeo 

r e i njC'C 1 I'W } of at least 0.1. In a preferred ernhn: diment , tne 
- -pa rati ovi is 

m.ale ;:^y Matched Ion r C'lynucle-jt iQe^r Chr oiil.^ tc crrap'hy (MIF'C, a 
c-fineo 

]. ■ . T'". - '\o^.i'-^\ :-"^^ri rir^feraldv uso;^ a mc'bile onas-- 



iLX a:u' ; 



_:,;-;x^ ' r d vX;.C.. ...ol ^"^ ' , i ^ r i 1 e , d i mp " hy 1 f rmam i. do , 

t 1 r ahydr'-i f uran, 

ester, etner, ci:i-.i !ui,«.tui-s r.f :no or m^r^ thereof, e.a., 

:\\o: : h anc' 1 , t: n ^nr) 1 , 

^ -rir'jpan-jl , 1 -pir'jpan'j 1 , tetr"anydr-jf uran, ethyl a :'-'tctte, 
ac-e't^ani t. ri le . The m.os t 

preferred ^jr^^anis solvent is acetc'nitril e . The c-ounterion ^gent 



12/18/2001, EAST Version: 1.02.0008 



is preferably 

selected fiojv. the group consisting of lower primary amine, lower 
secC'Hdary 

amine, lower tertiary ctmine, lower trialkyammonium salt, 
qua te rnar y ammi:>nium 

salt, and m.ixtures of c>ne or more thereof. NC'n-limiiting examples 
o f c>:>unterion 

agent s include octyl ammonium acetate, ^jctyidimethyl ammonium 
acetate, 

decyl ammonium acetate , octadecylammonium acetate , 
py r idiniumamiTi'Dnium acetate , 

eye I'jhexyl ammonium acetate, diethyl ammonium acetate , 
p rop y 1 e thy 1 ammic-n i urn 

30: et ^ t^ , pi 'jpy 1 di e thy lammonium acetate , but yl ethyl ammonium 
a e t a t e , 

me t. h y 1 h e x y .1 airaiii:' II i um acetate, t e t r ame t h y 1 amm-j n i urn a c e t a t e , 
t e t r a e t h y 1 aiTLmC' n i um 

ac:e tate , te t. r aprc'pyl ammonium acetate, tetrabutyl ammonium ai?e tate , 
Clime thydi ethyl amiTLeinium acetate , tr iethy lammonium acetate , 
t r i p r C'p y 1 aiiimfjn ium 

acetate, t r iljutylamm^jnium acetate, and mixtures of any one c-r 

nt'jre ':'f the 

r.;jjv-^. The cc'un te r i'jn agent includes an anion, o.g., acetate, 

rdcari-jnate, rihosphate, sultate, rii traL-, prc^pi jte, f c^rm.- t 
cnloride, 

p-erc.nLjr-ate, or tirc-mide. The most pireferred counterion agc^nt is 
t r i e thy 1 amni'i'nium acetate or tr i ethyl ammc)nium hex a f 1 uc^rC' i Sfjpirc'pyl 
alcohcd . 

r.? E'R: 

Ir; a Still further asp'OCt, the invent i'jn is a methc'd fc^r 
sc p are t. ing a mi xtur e 

'"^f p':d ynuc le-jt ides c-jmpm ising applying a mixture of 
p^. l ynuo; lc:C^t idc-s having uv' 

"lo 1 >0 liase tiairs to a monolith having ncin-picdar separatic:n 
sur f a-r-es , an-i 

elutirpi the ricd ynuc le^j t laes . The monolith :'an Yjo encb"'Sf^d in a 
::': lumn -^r^ c-ther' 

■ : -. i.".r-:n^ -y~-.-.Tr,^ '^U'"^ a ^r'art ridqe . In 3 preferred 

^ - - f - .. 1 .- 

monol 1 th " : ! : ^ monolith. Tii- nin-p-jl^r r^-^r^a rii : i : . 

3ur L h m ? 1 ..l:;-- 

... r I r .:: .1 1 n : I. : J i ^ : ^ - 1 -:r^'-:-or vji'hin ^to monolith, which 
sur f ^.ces ai'e 

cc.'hte'J v;itn i ::y'_ir j.^lL^j,. .or n.:n-p::lar .r'u>"^^ t i t n f f='d oolvmer or 

substantially all surface substrate gi^-ups r^^iactea v;ith - 
non-pc lar hy lriu:5irbon 

or substituted hy^ii ■jcarb'.-n group. An examrile of a suitahile 
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monolith is one 

which is p'i'lyf unctionally der ivat i zed with octadecylsi lyl groups. 
In the 

preferred emi'Odiment , precautic^ns are taken during the production 
of the 

monolith so that it is substantially free of multivalent cation 
contaminants 

and the monolith is treated, for example by an acid wash 
t reatment and/or 

treatment with multivalent cation binding Siqent, to substantially 
remove any 

residual surface metal contaminants. The preferred monolith is 
character! zed 

i'y having a Z^NA Sep)arat:ion Factc-r of at least 0.05. The 
rreferrod monolith is 

characterized by having a Mutation Separatic^n Factor of at least 
0 . 1 . I n a 

preferred eml'O.iiment , the separatic-n is made by Matched I'jn 
F'o iynuc lec' t ide 

Chrc'ma tography . The elution step p^referably uses a mc'bile phase 
C'jntaining a 

c-i'Unterijn a':fent and a water-S'i'luble c^rganic solvent. Examples 
'ii a suLtaiil^:- 

■: : ^ani z c j Lvon^ ic" c i ude .-ilcohc-l , nitrile, dim^tnyl fc^rmamide, 
t e t r ah y d r -j f u r a n , 

esrer, ether, and mixtures of r.ne or more thereof, e.g., 
methan-j 1 , ethanol , 

2-pu 'jpano 1 , 1 - propianc'l , tetrahydrof uran, ethyl acetate, 
acerc'ni t r i 1 e . The most 

pireferre'i ^-r'^anic S'Zlvent is acetoni tr i le . The cC'unterion agent 
is pre f erabl y 

selected frc-m "he grc'Ufi consisting of Ir.wer primary amine, lower 
s '^'■"Z'nda r y 

•::;miz:e, I Z'WZ' r tertiary amine, lower trialkyamm-jnium salt, 
quat e rnar y ammc-n ium 

salt, and mixr.ures of (zne or mizre therec-f. N<:'n-limi ting exampdes 
f :n 1" e r i c>n 

a ■ J K n t. s i n 1 d e c> c t y 1 a mmo n i um acetate, C' c t y 1 d i me t h y 1 amiir: o n i urn 

-z. _ ^o j::::z_ : z: t. z r \ ~ ad^^-'/ 1 ami^-':'n i nm acet.ate, 

T' zr i'.:iz i a]!;..:inL:z'ZZ i um acetate, 

,z . z-z-z.-' ^ ^ " , d: '^^^z ' -rTinion i um azotate, 

t:u' '_]:•■/ 1 e tny i anmi^: n 1 

a z at'^-, vi o: hd 1 - th;y" l-:.zjz:nzuz, -"'^^ ^-^r- ^ bu^;/lethvl ammoni um 
a ate, 

m e : t\ y 1 h e x y 1 a:i cilZ' n l um a c e t .i l e , L t z a m t h y 1 arr^jr Z' n ^ ^ ^ ^o t ate, 
z---. tvle^hyl anzTLCinium 

a ::e ta t^E' , t et rap^ropyl ammonium acetate , te tr ak'Ut ylarrumc niuiii ciz*-t a tz , 
dim>- tiiyziiethy] arrjT.C'nium acetate , trie thy lammc^nium acetate, 

t r 1 p r o V y 1 a miiL'. j ri i um 
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acetate, t ributylammonium acetate, and mixtures of any c^ne cr 
mijre of the 

abC've. The counterion agent includes an anion, e.g., acetate, 
ca rbc-nate, 

ticarb'jnate, phosphate, sulfate, nitrate, p^ropionate, fc^rmate, 
chb:^r ide, 

perchbjrate, or bromide, The most preferred counteri^jn agent is 
tr iethylammonium acetate c-r tr iethylammonium hexaf luorcd sopropyl 
a 1 CO ho 1 . 

In a yet further aspect, the invention provides a monolith having 
TL'jr:-po 1 ar 

sepaiation surfaces which are substantially fr'ee frc-m 
taminat i on wi th 

rr.ultivalent caticais. The monolith can t^e enclC'Sed in a .I'-jlumn or 
otYior 

C'jnta i nment system, such as a cartridge. The non-pc^ar 
separa ti'jn sur fac.es 

include the surfaces of interstitial spaces within the monolith 
( e . . , a s i 1 ica 

monoli th 1 , which surfaces are coated with a hydr-jcarbon or 
[\ jn-f-:' 1 ar■ 
^■ t. i tut e^i pc 1 yme^r r-r having sut-s tantially all surface substiate 
:( rC'Ups 

reacted with a nc^n-pcdar hydrocartion or suC'S ti tuted hydrc'carbc-n 
gr I'Ufi . An 

example of a suitable monolith is <jne which is derivatized wd:.h 
c-jlyfuncticTLal ly der ivatized octadecylsi ly 1 grciups . In zne 
r-re f err ed 

e]TLr'odiment , pr ecautic-ns are taken during the production of the 
monoli th s : that 

it is suk'S tant ia 1 1 y free of multivalent cation C'^ntaminant s and 
L Ti o mono 1 1 th i s 

trohtodf for example Ic^y an acid wash treatment and/or- ■^reatmenc 

w i t. h 

multivalent cati'jn bindina agent, to remove any residua] surface 
it:-:^1 

■J _'nt am i nan:, s . The p^referred monolith is characterized by haviiiu 
r'-:cuiai.i:n r-if;^<")r of ^ :.. lt:.:iSt The pr^^ff^rr^d monolith is 

^"^'.u^:r a Mu^^ti^)^: Seti.^ r a t ion Fa::lci of at leasi 



p. 



a -LLC: . 



In ari':'ther asp'ecL, me present mvenrion i.^ 
L^i- n :o.-po I ar 

suriaces of a medium used for separating pc'lyncuieo tides , such a: 
the sur f ac:es 

'C'f beais in a MIPC' column or the surfaces ^af interstitial spaces 
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in a monolith , 



in Larder to improve the resolution of polynucleotides, such as 
dsE>NA, separated 

on said surfaces. This Lreatment includes contacting the surface 
with a 

S'idutioin containing a multivalent cation bindin^j agent. In a 
pre f erred 

emt'C'diment , the solution has a temperature of about 50, degree. 
C . t i J 

90. degree. C. An example of this treatment includes flc-wing a 
S'ZdutiC'n 

?'jnt.aining a multivalent cation binding agent through a MIPC 
1 umn, where in 

Lhe sC'luti'^'U has a temp-erature of abc-ut 50. degree. C. to 
9'0. degree. 0.. The 

Ti' re 1 erred temperature is abC'Ut 7 0, degree. C. to 8 0. degree. C. 
In a p)ref erred 

eiTLt'C'diment, the multivalent cation bindint^ agent is a 
C': C'rdinat i or: cc^mpound, 

examples C'f which include water-soluble chelating agents and 
oro'vJTi ether s . 

ori*:'".'i f 1 :: exirurdes include acetylacetone, alizarin, aluminon, 
^■id, 

■r in, rhcdiz'jni c 3'':id, thi oiidl i'ie, th injure 
. a Ifjha . - f ur i Ldi'i'Xime , 

ni'^xime, sal i c-y 1 ald'jxinie , dimethylglyoxime, . alpha . - f ur i Idi-jxime , 
o.dp for T'jn, 

. a 1 pha . -ni t r-jsc-- . b^*t a . -napihth'^ 1 , ni t r osC'-F'.-s al t , 
i i p h e ri y 1 1 li i :.: a r b a z ovi e , 

iipheny ] carbazijne, eriochrome bl ack T, E'AN, 3PADN3, 
^ri Vv'xal-b i s { 2 -hydrc-xyani 1 ) , 

mu r^xi'ie , . a Ip ha . -t'enZ'jinC'Xime , mandel i c acid, an thr an i 1 ic acid, 

1 hy lene li imi ne , g 1 y ine , t r iamin-j t r i ethyl amine , thional ide , 
^ r i hy 1 enetet ramm-, cthylenediaminete traacetic acid (EDTA) , 
ju*:; L .a l^ji'i tina 1 '= in , 

arS':'ni:"' dc i'is, .alp'ha., . alrlia . * -ijipyr idine, 
4-hydr.jxybenZ'::thiazole, 

- hy'1^^'xyqu i na 1 a me , 8 -hydr ^^^xy guino lino, 1,1 ''^-ph^^'nanthrci 1 ine , 
p io-\' 1 1 n i c ac id, 

^ - " . ^ : : i . a IrVri a . , . a loha . ' , . a Ip^ha . " - t e rpy r i dyl , 

^ f 1 hyarC'Xy- D- I i U'jr 'jne , p-yr.: jc^:^^:.. ^, -: ' ' y. : 



:hl-?r an i 1 i c a- 



^ ~ : : i '...1 i. 



'''X 1 1 ic a c I'll, S'joium 'aiethylai thi u Jctr i^ai bai^.a t •:; , du-i . : 

■:n iOenzy Idi ■ l -3 rl:,am.:.t c . ur^^^j^^-r-^j- ^ jnost psref erred chelating 

age*-" is EDTA. 

In this aspiect. of the inventi'i-n, tne s-jiutitn-i p;ref crai:?ly in^^ludes 
an rgan i r. 

solvent as exempd,ified by ah":<:li'jl, nitrile, dimethyl fijrm.am.ide , 
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t et rahydrof uran, 

ester, ether, and mixtures thereof. Examples of suitat-le 
BSPP : 

In yet a further aspect, the inventic-n pri^vides a methc^l fc^r 
stcu ing a nieiiium 

used f'Or sep'arating polynucleotides, e.g., the beads of a MlPfZ 
Cijlumn (jr a 

monolith , in carder to improve the resc'lution of doutile stranded 
LiNA fragments 

s^Etparated using the medium. In the case of a Ml PC column, the 
}Meterred methc-i 

includes f blowing a so'lution containing a multivalent cation 
L' 1 n^i i :\Q agent 

thr'"'Uijh the cc'lumn piricr tC' stc^rina the ccdumn. In a preferred 
emi:':'iiiment , the 

multivalent cati'jn tdnding ai^ent is a cijordinaticjn cc^mpijund, 
examples of which 

inc-iude water-soluble chelating agents and crown ethers. 
Speci f ic examples 

inc;iude ace t y 1 acetc-ne , al i zarin, aluminon, chloranil ic acid, 

^'.1:1] : c b. :ud, mc'r in, 

r ;i i z^: n i ? 51 c 1 d, thi ':>n a 1 ide , thi'jui ea , ( . a Iph i . - f ur i 1 iz-xime , 

sal i cy L a 1 ci'jx mie , 'lime thy Ig lyii'X 1 m^^' , . a l.pina . - ru l x i'i i '_.x i :t;c , 
c UL'ferrc.n, 

. alf: ha . - ni t r -: so - . tiet a . -naphthcd , ni. tro s-j -P.- s a 1 1 , 

■:l i pli e n y 1 1 h i c ■ o a rh a z ^ j n e , 

diphenylcarl.azc'ne, eriC'Chrome tilack T, PAN, SE'APNS, 
gly jxal -t)i s ( 2 -hydrC'Xyanil ) , 

mur -?xiae, . a Ip^ha . -benze'incxime , mandelic acid, anchranilic acid, 
e thy lenediamine, g lycine, triamin'jtriethyl amine, thi ijna 1 ide, 
t r iethylenetet ramine , EDTA, metalp'htha 1 ein, arsc»nic acids, 
. 3:l]"h-. . , . Eilr'h?. . ' -t- Ipiyr idine, ^-hyiiroxybenzothiazctle, 
S-hydr-'jxyqu i Udldine, 

c-hyclr :-xyquin:-lin-, 1 , 1 0-rl".enanthri:)li ne, picolinic a'::id, 
'T-i i ^".a 1 :i i c ac i :i, 

. air ha . , . ^ Lph 3 . ' , . ilp>na . " - r. erpiyr i<iy 1 , 
■?'-n.- t.hy 1 -2 , :, 7- 1 r ihydr^: xy- *:.-f 1 uorc-ne, 

/: . .• c. 2 : , : :i I : '":] : " - i d , t i ron, 
^ - 2 1 - "i im-rr-:.^ r.r." benzene , Ui m 10 1 , 

'11 1 o \ h i :i i t : 1 i • •: : a r r • a r r > am i l e , ai-i z x.nz u^i. e:. _ ^ ■ : 

preferred chelating agent rs EiuA. In zm^. i^p^ect : iir.e 
1 rrz-^nt 1 .-n, r n-^ 

sol:..ti::n pref-^ratily includes an 'jr^fanic solvent as exemp)litiea oy 
alzzhols, 

ni tri les , dimethyl f ormamide, tet rahyiircif uran, esters , and ethers . 
"^he most 
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preferred organic solvent is acetonitrile . The solution can also 
include a 

CL'unteric'n agent such as lower pirimary, seciondary and tertiary 
amines, and 

IC'Wer tr i a 1 kyammC'nium salts, or quaternary ammonium salts. More 
sp-eci f ical 1 y, 

the cC'UnteiicTi agent can be octyl ammonium acetate, 
C' r t a d i me t h y 1 ammo n i urn 

acetate, decylamitLonium acetate, octadecylammonium acetate, 
p y r i (1 i n i umamiri' j n i um 

acetate , cyclohexylammc nium acetate, diethyl ammonium acetate , 
r rc>py 1 ethyl ammoni um acetate, propyldi ethylammonium acetate, 
i: ■ r. y 1 e t h y 1 a mm' n i um 

a :• e t a t e , it; c h y 1 h e x y 1 aitinM j n i umi a c t a t e , t e t r ame t hy 1 ammi j n 1 um 
acetate, 

t er raechy 1 amm-jnium acetate, te t rap^rcp^y lamm^jn rum a^r.etate, 
t e t rabut y 1 ammujnium 

acetate, d i. me t h y <1 i e t h y 1 amiriC' n i um acetate, t r i e t h y 1 ammc- n i um 
acetate, 

t ri pT'jpy lamimc'nium acetate , tributyl ammonium acetate , 
t e t r a e t h y 1 am^m- j n i um 

a-:"er ate, t t rap r ^pr/l amLmc-n ium acetate , t et rak'U tylamjTfjnium acetate , 
and mixtur'^i^s 

a^-'V '■■-c-- f >r more of the at'C've . The cc^unLeriun agc'nt includes 
a ri an i ovi , e.g., 

acetate, carb'inate, bicart'onate, p^h-jsphate, sulfate, nitrate , 
pT'i'P'i-jnate , 

L'Mmate, chlcride, p'^rchl'arate, and brc-mide. Hc-wever, the m-jst 
pu f e r re'l 

c ^unt-^'r i'jn agent is t r- i ethyl amirpjnium acetate. 

T:.e medium can b*- encd-jsed in a column. In ijne embc-dimen t , the 
n':c:-p)'j la r 

i..rl.acei :':m.pi:ise the surfaces f beads. I:: an alternative 
ercLi'C'dim.enr , t te 

surfa'::es c-jmp'rise the surfaces of interstitial sp^aces in a molfied 
monolith . 

F-^^r p)urpMjs^s of simpdi tying the desciip'tion L-f the invention and 
.1 i ::d ^ 1 ^ i 'n , t'r.^ - ^na r.^ t. ion ct pc^i>'n.iL;. ±eC' t !■ ..r^n_. : 

understij'jd that 'jtner separaticii suiici:.es, oucn as tne 
1 :\ e r s t ; 1 1 :i 1 u i ! e s f 

monoliths , ar^^ inten^led to ho in::luded within the scc^pe oi this 
invent icin . 

Monoliths such as derivatized silica gel rods ciontain sep)aration 
media which 
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have t-een fiormed inside a column as a unitary structure having 
thrC'Ugh y'C-rcs c>r 

intersti:,iai sp-a^res which allC'W eluting solvent and analyte to 
ptasc thn 'Ugh and 

which prC'Vide the m^n-polar separation surface. 
DEPR: 

In another emk'Oijiruent of the present inventic-n^ the separation 
medium can be in 

the f.jrm -i.f a monolith such as a rod-like monolithic column. The 
monolithic 

ccdumn can be p'Olymerized or formed as a single unit inside of a 
tube. The 

thrijugh p':'ro or mterstiriai spaces provide for the passage f 
e 1 u:, ing ■I'lvent 

and analyr.t' materials. The sep-aiat ic^n is P'erformed cn the 
s taci'jnary surface . 

The surface '::an be pc-rous, but is preferably nonp^orous. The form 
and f unct icTi 

of the sep'ar at i 'jns are identical to columns p^acked with i:eads. 
As with bea'ils, 

:he p-^ies nt Ei ined in the rod must t-e compatit-le with E)NA and 
n-jt trap rne 

iiMrerial. 7;ls:', the rod must ncit contain :'ontami nat ii-n that will 
trap rjNA. 

oE t't. : 

In 'I'ne emb''"! im^^nt C'f the present invent ic'n, the separatio n medium 
i s C'jnt ii'iU'i-us 

monolithic silica gel. A m-jlded monolith can t^e pirep-ared by 
pcd ymeri zat i oti 

within th*:' C'jnfines of a chrc-ma tographi 13 ccdumn (e.g., to- fcirm a 
r jd) r^r L-Lner 

'•■"'U^ a 1 nment system. A monolith is preferakily cbtaineo k^y th-E' 

yji^ i. J . . 

P': lv:-':n':iensati :ci ot al k : xys i 1 anes . A p^ref erred monolith is 
ae r i vat i zod in 

r-r<i^r to pr.jduce non-polar interstitial surfaces. Ch-^-m,! a 1 
nt-li t i '?at-: i^jn of 

monol i ths '-'i'^^ =^ -^d^r v i , methyl 'i-r other ligEinds can be 

^ f . o^. V 1 v/^ t i zk'O monolith is .cot- wr o-n :s 

p' _ 1 L i'^: L ^'Ti a 1 1 y 

3'-r ; v - 1 i w 1 h .. J. 1' : \" / 1 ] ^ ^ ' ^'^r^"^"r;^ Th^- p^ r er^a r a t i -^^^i ot 

ior i va t i zod s i ilea 

monol 1 ths ]s ;.iy -j jnv c^ii ^ 1 .al mf^hois v;cll kn-^'^'^^^- i n th- art as 
dtscrir'Cd in 

Exampile 15 and in tdie f'jllowmg reference- whic:h arc ni^rcoy 
i nc "jrp'C rat jd i n 

their entirety herein: Nakanishi, et al., J. S."d.-Gel ??.i. 



12/18/2001, EAST Version: 1.02.0008 



Technol. 8:547 

(1997); Nakanishi, et al . , Bull, Chem. Soc. Jpn . 67:1327 
{ 1994 ) ; Cabrera, et 

al., Trends Analytical Chem, 17:50 (1998); Jinno, et al., 
C h r- (jina t o g r aph i a 
27 : 288 (1989) . 

DEE'R: 

The non-polar, derivatized silica monolith column is washed by 
f IC'Wing 

tetrahydrof uran through the column at a flow rate c-f 2 mL p^er 
minute for 10 

m.iriutes fc'llC'Wed by flowing methanol through the column at 2 mL 
per miinuLe f'jr 

10 mdnutes. The nc»n-polar monolith column is washed further h^y 
f L.jwi.ng a 

mixture C'jntaining 100 mL of tetrahydrof uran and 100 mL of 
cc-ncentra ted 

hy'lrochlc'ric acid through the column at 10 mL per minute fc^r 20 
m.inutes . 

FV'llijwing this a'^id treatment, the monolith cc'lumn is washed t^y 

f i 'jw i ng 

:.e*:, r ahydr J f uran/water (1:1) through the columin at 2 m^L per mmnte 

(pH 7) . 

I'EPC: 

Preparation of a Silica Monolith 

0'C>!P. : 
210/198.2 

'jRPL: 

Na'rcanisrii et al. Duuble Pore Silica Gel Monolith Ap)plied to 
Li guid 

i:rirc-matography , J. Sol-Gel Science & Technolcjgy, vjI. 8, pp^ . 
^■4^- 552, 1 ^ ^ ^ . 



?-'Zi^.j ^.r. Ci^f M^.^o--. Monoiithid ? :^ d -^^f M^-'^r '^phrons 

P V ■ S t y r PTi^- CL^-i' i v iny Iben z eno ; as a S^pa ra 1 1 on Medium lor Pn - 

^^■"dvTTiprs . . . , Analytical Chemistry, 'oc: ji^*- .^j..^^. , . 
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DOCUMENT-II'ENTIFIER: US 5779891 A 

TITLE: Non-fC'Uling flow through capacitor system 



BSPR: 

The electrijdes may be made out of any monolithic high surface 
area cijnduct i ve 

materials, in at least one anode/cathode pair. Where the high 
surface area 

material is conductive, but not optimally conductive, an 

e 1 c c t r ,i c a 1 c o r: (iu c t i v e 

t^ai-King m.ay t'-^ empl(jyed. High surface area ci:-niluct ive materials 
su i tard e f '^r 

use in the pr esent invention include, but are nc't limited l..o : 
act ivated ':;arti'jn; 

activated carbc-n treated with a halogen; carbon fc^ams; cart'on 
aerc-gel and 

aerc'gel cc'mpc.s i te materials; nanc-tubes; conductive pcilymers, 
t'Special ly in 

f-^'r-jus or netW'jrk fc-rm; pcdymerized fullerenes; or any high 
s;. r f ice are ^ 

:-:ndu:-"iv- m^^-^rial may bc: used. Cc^nducrive ceramics may also be 
used, o i the r 

ty themselves -i-r imriregnated cTit-j high surface area substrates, 
i nciuding 

vari'_'uS fcrms =jf carb-jn such as fitier, fc^am, pC'Wder or aercgel. 
In general, 

absL^rtdng any electrically actuated small or large molecule i^ntc* 
the ■r'C'nduc t i ve 

high surfa-:-e area material that imruoves the cap-acitance will 
i mr rove the 

f\:ncti'jn of the capacitijr. AriC'ther preferred high surfac:e area 
'I'^^nouc t i ve 

Jx\'A*:.orihl is ^''jndu r t i ve transition metal cixides, nitrides, or 
hoL I'lies prep^ar ed 

using S'jl/crel tecnnigue, r'ljwder^dd high surface area materials 
m:;y ho 3 int er ed 

- c monolithic y----^ v--,rip>c- r.r bound toaether- with binder 



.:OL.ori .■.■^il_. o. ^o J.0 : o--? ^;.u .^..--^ r-^,^p5^ v;her'=^ r-"' t^ar^kina layer is 
r^=^':{u i red W'l-ul d 

\:'[.:LO':io ni':rn 'o^.ml:!'^- sn'ia t: r ::par ^ '''H - of cftar^hitic sarbon, high 
s...;r f a::-' ar^-^^ 

exp-anded metals, metal rih)ers, or metal mosnes . Fi >r example, 
tit an lum fibers 

coated With high 5urfa::e area platinum series black ar^ knswn and 
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are marketed 

as electrode materials. Other examples include platinum coated 
nic'bium and 

foamed metals. High suiiace area carbon m.ate rials may be mixed 
with m.etal o^r 

graphitic fibers or meshes and formed into monolithic units. 
DRPR: 

B^IGS. 13A-F are schematic illustrations of various monolithic 
electrodes for 

use in the capiacitC'r O'f the invention; 
bEPR: 

Fb];S. 1 3A-R depict varii^us monolithic electrode designs that 
ir: zorporaze an 

ir:ner c^jnductive backing. This is useful fc^r all the ab-jve 
f I'jw- through 

capacit'jrs because a ir.omp'ression fitting is no longer required to 
make a 

C'jntact iDetween the high surface area layers and the conductive 
t^ac^iing layer s . 

T':\e e 1 ecr. r''j:be'S C'f FIG, 1 cijntain an inner conductive bac:king 
l:;y.£-r 2, which 

:T._.y ]j-z f '"u 1 , arai^hit'i^ fcdl, a fibrous material, or an 

1 nt. erp'ener, ra t ing 

netwc^rk mesh m.aterial. In f'jil f-jrm, this t)acking material has 
m-.ny hrdes 3^' 

:.her eLhr ough tc^ allc^w^ cominuni i-^ati-jn and intercc^nnect ion with tne 
h 1 gh surface 

area niaterial that forms a sandwich on both sides in a flat 
electr :-Lie. 

A] LornatiV'i:!-/ , a rc^d style c<jnductor can be used, wi th the hign 
sur f ace area 

lT.^^*:^^i^l 1 f':'rmed -iirectb/ around a central rod c^r wire ::ijnductor 
: . Tn is 

iT'.at-rial is :jonded t.ogether or calcined as a single, monolithic 
ri i .^i-p' , 

r jn: 5: 1 n ] n':f the ^'■"'niiuc t ive oacKing internally. F':'r oxairiple, 
^:ct i va':o:'d ■::aroon -^r 

: r:.'..'/ 1-'^^ ^I'-'^O ^.o^v^ ^ r^henolic binder and n-")t 

: ' ■ ^ - - i ^ f r'm 

b, ^y . b" , r : - r "'^'^'i mna in tne abseii' '^' or ^lir. Thtr 

i n tie r s-onrie-i' L 1 'jns I'l^rmoa Lnr-j-'j:: r-.r. n.„' ........ ^.:r - ^ . 

high surfa'::e area material tc>getiier and firevent in Iil^Hl pu^^iiij 
av^ay 1 1 'jm t n-:- 

backin:: lue to -brinkage during calcining. Alternatively, caroon 
f i 1ms or 

layers may tse depvosited 'jnto conductive tiackmqs, and activated 
m place. 
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Integral leads 4 are formed from the internal conductive backing 
layer or rod 



CLPF : 

I'J. The system of claim 1 wherein the monolithic high surface 
area material is 

selected from the group consisting of: bonded c-r sintered 
^':'t i vated cartoon 

particles; aerogel particles; conductive ceramics; activated 
carbon fiber 

■:;b:?th; fibrous metal coated with platinum; c^r transiti'Dn metal 
i des , 

ii'jrides an:i nitrid^^s, anil cjmbinat ions therec'f, 
CL??' : 

2\. The system of claim 1 wherein the monolithic high surfac:e 
are3 mater i al 

<:;C'mt:u ises activated carbon sintered together with a tdnder and 
d'l'pied with a 
HL-tal . 

zr ' ^.::.o :_r t ' u 1 - r -^s i s t ant , f Ic^w- thr-:. ugh ii'ariac i t^ji s , each 

■:"apac i tc-r havi ng 

a: ]'z:a5t c^ne an:-:le and cathc'de pair for use in the eiectrical 
p'.:r 1 f icaoi'i n, 

■:>:'ncent: rat i-^n, separ a t ic^n, recovery, or elect r jchemical t^rea kdcwn 
'I't' S'l' Lutes or 

fluids, which cap-acit'jr comp^rises one or m<jre monolithic^ spaced 
apart pairs of 

" at h jde- an : o^e electrodes Lncorp>orat mg a high surface area 
m-iterLal an^i having 

a ne n- :: : nda ? t i V'z' spac^-r between rhe anode and cathode electrodes 
cha r acter 1 zed 

k'y an op'On fl'jw piath t'etween the electrodes to permit the 
uriobstru-t^^-d flow of 

the fluid }icross the electr'i'iie surface and ut' suffi::ient width to 
prevent the 

r."'._.-xna 1 'a.- . a/.:. i '"^ r , a^d wh^r^^n t\\^ ot)en flaw path has at 
i t- ' a s a \ 



210/198.2 
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ExjCTJMENT-II'ENTIFIER: US 5772875 A 
T I TLE : ChrC'matijgrap'hy columr. 



ABPR: 

A liquid chromatography column including a chromatographic 
matrix, liquid flC'W 

inlet means and liquid flow outlet means, and a distributor 
1 oca ted adj acent 

the inlet and functioning tci distribute the incoming liquid. The 
CO 1 umn 

i no juries a matrix is that is monolithic and por^jus; and in that 
when eluant 

P'asses tiii C'U'jn tne miatrix a liquiii accctmrnc'dat ing gap wnicn is 
devciiil of matrix 

material is p^resent between the matrix and the distr ibutii' r , 
BSF'R: 

Atl alternative Zo matrix beds which consist in packed particles 

IS fo-..in:i in the 

s :-cal leri '"-r, n - i nuC'US matrices (alsC' called monolithic niatrices) 

pC'rC'Us. This typ)e of matrix does nc^t tend to form :"hann-ls .^s a 
result of 

sul'S i 'ience or settling of the bed. By continuous ( monolithic ) 

mat: r i o^-a is 

m.eant matrices which are intrinsically cc'herent, Matrioi-s which 
oo n~- lot o f 

Y^'OiZked memloranes c-r filters are nc't monolithic . 

Tl- hnventive liquid chr^jmatogiapihy rc'lumn is C'jnst ruct eci from a 
CO lumri tube 

wnich inird.uaes a chr c^mat^jgraphy matrix and a distributC'r or 
spir^^i'ler placed 

adjacent the inlet and f unctionirrJi t^.^ distribute the in'~:r.mina 
liq\.i.1. The 

o.^.c\.. ! "h : . " ^" : : r ^~^d ^ha^ matrix is monolithic anii 

C: n d in ^ r.'-.^ 

- ' ^ ^ ■ ' t r * t '"^t: ^ ^ ^ r ^ y ^ n c r -E? is o r p s '■-ci h - ; w ^ n 
tn-r mat ru x 

a:i:; t.r.-j : i\ c ■ .Mx]: wh:--- -j-^-'C- r^.--^ -'--^n^ain matrix material. 

Th e 

rt^mamdei ct tne cul^iniii ihciy be of hricvr^. ■'l='^igr!. The width of the 
■J -it' is such 

as tj imp-)art impir'^)ved pr^jp^erties t'j the cedumLn v;itn iH^-.nei:t to 
number of 

Mu-^' ptu ra 1 piat-'S, symmetry f asters and elution volumes in 
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c°a:f wh:n"the*dis?ributor plat, abuts the matrix. 

«'";ap :s re,ui«d in zero liqu.d flow cond.t.cns. but can ar.se 
^^prS:"" the ■nonoUth.c natrix by the liquid £lo«. In 
^r^Srable'tha? the gap is created when producrng the column, 
ailptof and'fssociated drstrrbutor or spreader .s moved towards 
JnlefareL In this regard, we have found it very suitable to 
of the gap so that it is always discernible to tne ey-. 

Monoilthic matrices can be produced in different ways, for 
jo5::r!ta?ion'of inverse emulsions where the oil phase includes 
^:::i™:rsr""by bul^-pol^ymerization together with a so-called 

lOYoqen [a ^ ^^^^ ^ftor- no 1 vmeri zatioii) . 

^hf inventive column may include a number of monolxthxc 

chrc^maLoaraphic 

matrices stacked one upon the other. 

K^'i l.quid chromatography column, comprising a column tube 
^["^^a'^graphxc matrix, the matrix being monolithxc and porous, 

liquid tiow . , f . ^.,.i^t -ea^^, a distributor located 

inlet means and liquia fiow ouu^^t i.ea..^, 

f,,r distributing incoming liquid, ana, when c=.ua ^- •• 

_ , . .-J - 4- -: ^. f-r^r- lAFhlT. H IS aGVOlU ...c.^^---- 

■l ! n T ^r; r J.- O ^ / V. 1 : I -1 : i ^ ^ 4- >- , ^ >v> 1- V r w j t f"] P 

cli.^: t L"ibutor and xs ^ ^v,^ ..^-^p Y^^^Vri pffer^ive to improve 

ci:.ro:r:iy j ri<..:^iL[. ti^c r:..^tr^A, . ^^i.- 

a theoretical ^ . ....^^^t-^w faetor of the 

p.Late nambei, an eiuLiun vu^^^iuc ^ - . 



rcmatography column 
COR: 
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DOCTJMENT-IDENTIFIER: US 5766460 A 
TITLE: Liquid i^hr uruatC'igraphic system 



E'EE'R: 

FIGS. 5a antl 5b illustrate separation modules which include a 
sof'aratiC'n medium 

in the form f a matrix (32) and flow channels. The module 
illustrated in FIG. 

5a has an inlet and an outlet through a common end-connecting 
nieans, and the 

macule illustrated in FIG. 5b through separate ends. The end 
p-ieces of the 

set'arati'jn meciium have sp-reading and collecting functi'jus 
r aspect ively, which 

can tie achieved with the aid C'f filter paper inserts, end-puece 
ak'Utmen t 

surfaces with inlets cc^mbined with systems c>f channels, etc. (33 
and 5 4 in FIG. 

4^i). The matrdx (32) may be cc^mprised of discrete, packed 
ria rt. i c les 1 

s~ 1 i nke:i riol y3a':'cha r i de , p(jlyacrylamide, and the like, cir may 
k.e contmuc.us" 

( monolithic ) , i.e. liave the fc-rm of a pc-rous kiody. The matrix 
nr^y exniiji t 

surest ituent s enalding the desired type of chrc-matography to be 
run (e.g. iow 

ex:'hange gr^jutis, hydr'jpih'jbi c. groups, affinity ligands). The 
width an:i the 

length of tho matrix are determined by the septaratiijn p)er f c^rmance 
aesi r ed. Th-- 

mc-:^rix may tie given the form of a membrane. It is believed that 
Li:- f-..ture 

pueierrei emtni-diment s of the invention will cijmprise matrixes m 
f :.rm of .r. 

"ontmuo'us boay with u cylindrical or trust 'i conical shap)e, 
narrc^wiu'ir m the 

f]-"'- .n r^f the column (see FIGS. 4a-t!). 



210/198 .2 
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E'OCUMENT-IDENTIFIER: US 5728457 A 

TITLE: PC'Tous polymeric material v;ith gradients 



E.ecause the plug (Columns are essentially a single molded polymer 
monolith 

traversed by large channels and permeated by small pores, their 
hydrodynamic 

pr'i'f'ert ies are excellent. They are unlike any existing 
sep'a r at iC'n medium based 

r-]\ packed pcd ymer t-eads because flow through the plug column does 
r:c-t involve 

any interstitial space but results entirely from the existence of 
the thrC'Ugh 

channels built into the pc-rous polymer monolith , Therefore, high 
rates of mass 

transfer can be used. Despite the high flow rates and steep 
'ifradients, 

.-ei'arat 1 -jns using these pdug columns are remarkably effective. 
Th'- con":, inuous 

^ ;lym.-:'^ plug m^dia afford excellent resolution in the separation 
■:■ f P'rotems , 

P'ec'tides and sm^ 1 1 molecules. 

r;C/[P ; 

210/198.2 
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E'0(:UMENT-IE'ENTIFIER: US 5707589 A 

TITLE: Funnel-shaped sample-vial septum with membrane covered 

di f fusion-barrier 

section 



AF'.PL: 

A f unne l-shap>ed monolithic low-density polyethylene sample-vial 
septum 

ccirp'rises a tlange, a cap'ture wall, a diffusion-barrier wall, and 
a memt'T ane . 

In:- capture w^ll conical, extending from its trunc:ated ariex at 
t ne d i f f us i on 

karrier wail to its mouth aknjut which the flange is i:iisp'jsec . 
The memhirane is 

disposed at the end of the diffusion-barrier wall away fro^m the 
capture wa 1 1 . 

This structure def ines a septum ap-erture, including a ccriical 
■raciture sec t i -on, 

O'^fineci by the ■:'aj:'ture wall, and a cylindrical di f f us ion-tiar-rier 

I'V \ Yi-' 'li 1 f us i c^n-ba r r i er wall. The 7.0 mjn length o the 
ai f f us 1 CTi-t'ar rier section is 1z/itliu times th-: squar-^ '-if its 
oiameter 0 . 7 0 noTL. 

The diameter jf the diffusion-barrier sectic-n v^hich is selected 
z-j oo C.ij5 mm 

gr^eater than tine diameter c-f the largest needle to b^; use^ii with 
:ne septum, 

I.e., a 22 gauge needle typically used ftr liquid chr^jmsL t t^graphy , 
Ine minimum 

thickness cf the memijrane is 0.05 mm so that a blunt 26 :fau?e 
need 1 e w i i 1 n^jt 

r^e damage^:; while p-ieri^'ing tne memh'rane. Th-: m.embran-' has a 
:-\.:rved stir f ace 

ficin-ir the sapture secti'jn. The radius ot curvature ci f this 
s-:;rf a^te is '/ . 'J mm, 

set equal to the t-arrier section length. This is a result ot a 
::r ■^'^.'i^ IS '"UT'ved sc- tnat if iil i o a ^ ^ g::t3 a , ic-l ^i^cmum 



t-arrier tt' evap-trative sampde Il'Ss. A:t-i pi^i.,....;, th i 
a i r ru:.- 1 .ji l. \ or 

s-tj^^'-'H sei;ves as an effective barrier 1 1 e vap-jrat i v^- ::.^iu;t:2 

loss. 
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The septum is preferably monolithic and preferably formed of 
pc-lymer. By 

"monolithic" is meant that it is fabricateid from a single piece 
of material, as 

mc'iding c-r machining, rather than f'jrmeil by assemtding -i^r 
fusing separate 

C'jmp>onents . The monolithic structure includes not CTily the walls 
o: the 

aperture, but the flange and the membrane as well. 
:jRPR: 

Ir: a'-jC'jrdance with the present invention, a monolithic 

f unnel-shap'Od 

s anipd e- vial sep'tum Al Cijmprises a flange 12, a capture wall 14, a 
o 1 f f usi on 

ijarriei- wall 16, and a membrane 18, as shown in FJG, 1. 
C 'A I ect i vel y, these 

elenients define a septum aperture 20 cc-mprising a capture section 
1 2 , :ie fined 

t'V 'rapture wall 14, and a diffusion-barrier section 24, 'defined 
r'V cii f f usi'jn 

r'.-iri]--r wall 16. Capture wall 14 is generally conic:ai with its 
■apex ^:nd :0 

:. 1 .::"oo: t -I'd ^^^h!^-r^' it merges witlri one end 32 of cylindrical 
■liffusic'n t)arrier wall 

i^-'. The ^jther end 34 of the diffusion barrier wall 16 is sealed 
hy memh)r-ane 

1 o , as sh'jwn in FIG. 2. The wide end 3 6 of capture wall 14 is 
ringed kiy 

annular flange 12. 

CCXR: 
210/198.2 
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DOCITMENT- IDENTIFIER: US 5 6 53875 A 

TITLE: Nucleopihilic bodies bC'ndcd to siloxane and use thereof for 

sep' "irat ic-ns 

f r i:'TTi s ampule matrices 



Borr : 

The inventi'jn further i^ontemplates a structure comprising 
discrete adsorbent 

hc'dies bonded to a monolithic substrate through a medium 
c:mpr.ising a siloxane 
p-:- i ymti'r . 

:»EPF : 

Wnere the invent ic-n is embr>died in a chromatijgraphi c app'aratus or 
solid phase 

adS'^rpt i cTi ievice, discrete adsorbent bodies are typically bonded 
to a 

monolithic or essentially monolithic substrate, such as an 
lo.T^rior wall of ,i 

■:T\r '^ma L c■■:^rap^"li column, or a fitier c.r contigu<:)ns netwcik of 
: : : rs : o ^ ^■or-piM : t 

td;e adsc'rlient p^art-icles of a S'jlia p^nase adS',- rp t i on d*='vi.^(-. As 
Uc-e :! her e i n, 

tne term ^' monoli thic " includes essentially monolithic structures 
sucn as a 

weave or mat. C'f c:'jntiguous fibers. 
DEE'R: 

Tr. ^-ertain ap'pd i ::at ic-ns kn^jwn tc- the art, a particulate sut)Strate 
meiy p)r":vide 

'.i-'S i r ahd e funcri-jus c-r advantages. It will be unders tc-Oil that, 
i T: o e r t. a i n 

er[u:0'diment s , the novel chrcim.at'jgraphic appear atus or sc-lid pihase 
^■iS'-'Tpf i .:in 

oov\ ?,o ':f tne inventi-:'n may cortLpuioO a sut^strate which itself 
:'^"^mp r i s - s 

- ■■" --'h oi -terete adsoi'bent bodies aie bonded 



. O'' ■ " ■■ . ■ : : c ''^ ' i x'>r> \ i i, i on^ ^ ! . : i - r i_: _ : . 

.'ill ..-TTLit i^-ap!;. y, .-^"impi':^ 

r r r - : . ■ i., . . „d :■■ w^^^-^r-in dis'-re^e b-j'Jies having d 
f u :\o t i J ri a 1 u r' f a c e 

prjf'er'ty ar-- ro-ni'-o l.' a monolithic -^^ nartisulate suk^strate via 

Lii-^ m-:r[iu- :f 

a siljxane p'olymer. 
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DOCTJMENT-IDENTIFIER: US 5647979 A 

TITLE: One-step preparation of sep^aration media for 

roversed-p'hase 

chr ijmato grap>hy 



PS PP.: 

These (ii sadvantages are eliminated by the format ic^n of a 
ccTi'inU'jus bed in the 

0 Eipd llary, i.e., a monolithic porous polymer used in place of the 
be a 'is, the 

P'Cdymer having been fc^rmed by p'jl^^erizat ion in the capillary 

1 t .-elf, 3 planning 

Che entire cr^jss sectic-n of the capillary and bc^nded to the 
capd llary wal i . A 

des ::rip!: ion of this type of bed is fc'und in granted European 
Patent 

Spieci float i'jn No. 0 AOl 560 of Bio-Rad Lab>jr ator ies , Inc., and 
izs United 

Sr-.L.es Cijuncerfjart , p-EOiding appdication Ser. Nci . 08/400, 419, 
f i led Mar. 2, 

I'^O:. 'Tr.^' iisrlobures of both of these documents are 
i nc^i^rpo rated herein by 
r e f erence . 

CCoP.: 
210/198.2 
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D'JCITMENT-IDENTIFIER: US 5630937 A 

TITLE: NucleC'phi 1 i r bodies bonded to siloxane and use thereof for 

sep arat iC'ns 

frc-m sampde matri'::es 



BSPP : 

The invention further contemplates a structure comprising 
di screte ads(jrbent 

bjdies bc-nded to a monolithic substrate throuijh a medium 
c-:>mt'r i. s ing a si Ic'xane 
J 1 ymer . 

L)E:'P : 

Wnere the invent i'jn is embc'iiied in a chrc-matc^grapihic ap>paratus or 
S'j 1 i d phase 

ais'::rpt i'jn device, discrete adsorbent bodies are typically bonded 
to a 

monolithic or essentially monolithic sut'Strate, such as an 
i nt: or i r wa 1 1 o f a 

ma: ^rraph ic C':dumn, or a fitier (or cc'noiguc'us nenwork of 
f ] r e r- r hat supp)':- rt 

:.r.e ios : roen p!.:i: l.. ±«^:les >_.f a s^^:lid p^hasc ads^rpri'-^n 'iev/i"^e. As 
o.se':i her e in, 

the term " monolithic " includes essentially monolithic structures 
we^ve mat C'f cc-ntiguous fibers. 



:iE??.: 

iTi crertain a]:>pil i-i'a t ions knc^wn to the art, a r^articulate substrate 
ii.^x'y tir^'Vi d^E' 

:;esir:atde functi^^ns or advantages. It will understC'od tnat, 
1 '. \ ■■ • - 1 t. j 1 n 

'rmho dim.-r.t s, the novel chrcimatographic apparatus 'ji solid phase 
5i r pir i 

i'-'.i.je :^f th-:- invention m.y cc'mprisp a substrate which itself 
■rrimpr i s^s di sci e t e 

ruj^aioc, to wr.icn -iiscrete adsc^rttent to)dies are bcoided with a 
■'h-r'- :T/iV al.:"':.- i:^-' i^pp 1 i va r i ons other th.^n in ::^h r-ma t og raphy , 
r'^'' r r- ^: " i *o"i , r' "'^talysis wheiem discrete b'^^d-Le:^; having a 

L uli'l'. 1 I na 1 c--.Ita.J-r 

or:p-'!-"y rtriToieti to a monolithic c^r piarticulate substrate via 

the nb^lium ot 

a bil'jxane po_dyrrL'tr. 
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1. A solid phase adsorption device comprising a monolithic 

substrate having 

adsorbent bodies bonded to the surfaces thereof through a medium 

comprising a 

s ilC'Xane p'jlymer . 

CCOR: 
210/198.2 
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EmjCIJMENT-IDENTIFIEP : US 5620603 A 

TITLE: Nucle^jphilic bodies borjded to siloxane and use thereof for 

sep'arat ici ns 

frC'TTi sample ntatrices 



BoEP. : 

The inventioTi further contemplates a structure comprising 
discrete ads'l'rbent 

t'Cciies JC'CndO'l tc' a monolithic substrate through a medium 
C'l'mr-r i s i ng a si loxane 
p J 1 yTTier . 

JEEI^' : 

Where the invent bjn is embc-died in a chnomatographic app^aratus or 

S'jI id f'haSe 

adsLvrpt i 'jn device, discrete adsc'rbent bodies are typically bonded 
tc^ a 

monolithic c-r essentially monolithic substrate, such as an 
i rr. - ri c r will c f 7. 

''•rirr-matoarap'tiic c-jluiun, or a fiber c^r cor'tiguous netwc'rk of 
! i : r; F : :.a t upp^'j r t. 

tn- aciS'jrbent p^ar^icles ^:>i a o^jira j^iiase .adL.orpt 1 :r. _ as 

Ur eii herein, 

the rerm " monolithic " includes essentially monolithic structures 

weave or mar, cf C'jntiguous fibers. 

E)E['F.: 

h:: 'pertain ap^rd i:: d t i'jns kn-jwn tc' the art, a parti<:;ula te suk^strate 
prcv i ae 

i->-iritde functi'jns or advantages. It will be understC'C-d that, 
1:". oeicam 

enl:": diri.^nts , the nc'vel chroma t^jgraphic apparatus or scdi d jL-hd^DC 
a :isi:.rt:' t i on 

l^vice ot t.ne mverition lUdy cc^mprise a substrata which itself 
A ax'r i ses 

■"T""^'' 1— j^^.c-^ ^ w^iicii -discrete adsorbent bodies are bonded 
: " r. '-. - i i n x .^t i . ^■ 

' ' - ■ ' .^isr^ Oe aiyolicat ■ ^ o:s .-.rhe:: t.h-n. in 

■.*^el'_c^is wherein discrete bodies having a 
tunc t i'jnal sur f a'/.e 

pi .^pe: i.y t.oni::! ti a monol i thic ^or particulate substrate via 

^h^^ i i uni j t 

a SI I'jxane polymer. 

CCXR : 
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DOCUMENT-IE^ENTIFIER: US 5620597 A 

T I TLE : Non- iL-uling flow-through capacitor 



ESPR: 

The eloctrc'des may be made out of any monolithic high surface 
area conduct ive 

materials, in at least one anode/cathode pair. Where the high 
sui face area 

material is cc-nductive, but not optimally conductive, an 
e 1 ect r i cal C'jnduct ive 

\'-acKina may Ijc emplcyed. High surface area conductive materials 
sui r. ab ie f ^^r 

use in the present invention include, but are not limited tec 
act 1 vated carbc^n; 

a:'tivated ':'arb'jn treated with a halogen; carbe-n i'l^ams; carkcci 
a^E-r -'ge 1 an^l 

aer c-ge 1 c^jiup-js i te materi als ; nano tubes ; cc-nduct ive piolymers , 
esp'ocially in 

Kc^r I'US ^'-r netw^crk fijrm; polymerized fullerenes; or any high 
surface area 

'"-'r.cU':' t i V = iT;at-?rial m.-^y be used. CC'nductive ceramics may also tie 
use':i, e i th^- 1 

ijy rhemselves or impregnated -jnto high surface area substrates, 
in 1 ud ing 

vari'jus f-rc-ms ot carb'i-n such as fiber, foam, pijwder c-r aerc^gel. 
In general, 

aijscu-riing any electrically actuated small or large molecule ijntC' 
the I'L.ndU'i't ive 

h i :"jh surfa^'e area material that imprc'ves the capacitance will 
iHLp'rc've : he 

functicTi C'f the capacitijr. Anc-ther pireferred high surface area 



material is -I'^ciduct i ve transition metal c-xiiies, nitrides, cr 
h'l'i: laes pirep^ar ed 

using scU/gel technique. ICiWdered high surface area mat-udals 
may ije sintered 

monol i thi c elertr'c<des or tcund together witn binder 
r^^^ ^ ^ r" i a I s . 



, ; n in ^ i v-^ p 1 -^--^t; r-T'des wltere no k-acking b^yer is 

re qui rC'ii wc u i d 

i:L'.l...d-: ':ii.;.h surface ai^^^.^ r^rppa r at iccis of grap'hitic carb'jn, high 
set f =iC':' ar--a 

exriande-:i metals, metal libers, or meLri] -liRshes. For example, 
t i *: an ium f it-ers 

■seated Vvith high surface area p>latinum series blac^k ar^ kn:'V/n arid 
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"'el^cr'oS materials. Other examples include plat.nurn coated 
"tir-Jtals. High surface area carbon materials may be mixed 
graphTflc'tibers or meshes and formed into n,onoXithic unrts. 

^ ^. ■ , ■; 1 1 ncrt-rat-i nns of various monolithic 
FIGS. 13A-F are schematic liiustraTzioat. 

electrodes for 

us^ in the capacitor of the invention; 

??g': 13A-F depict various monolithic electrode designs that 
innir'c^nductive backing. This is useful for all the above 
capI^Sors'because a compression fitting is no longer required to 
SnLct between the high surface area layers and the conductive 
?n-'ilect?^des"of FIG. 13 contain an inner conductive backing 
layer 1, wnicn _ ^-y rr.al-f^^ial , or an 

i;r::,frrme<h'm:Lrial. In foil form, this ba = .:rng materral has 
?h!;?e?h;:ugn\o allow communication and rnterconnection with the 
ai-ea ma^rr^l that forms a sandwich on both sides in a flat 
Airernauiely, a rod style conductor can be used, with the h.gh 

surface area -,^r.-hr-?.i md or wire conductor 

Tnat.erial 1 formed directly around a central rod or wire 

J^ris ccnded together or calcined as a single, ^nonolithic 

P^^-"'-^' . . . . ^ r.-hp^nai 1 V . ^^or example, 

a.:-.tMvated carbon or ohenolir binder and hot 



.■cc;.:..-! tr, o/irni the 

;;'7.- is, Drr)r to caicming m 



J. . i ■ _ . r:: 1. . . > i 1 i. i ■■■ - ■- — ■- ' - - 

i T 1. I. ;ih V 



h^ab/surface area material together and prevent .i 
^ttkialufto shrinkage during calcining. Alternatively, euro. 

lii:?s'may be deposited onto conductive backings, and activated 
in place. 
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Integral leads 4 are formed from the internal conductive backing 
layer c^r rc-d 

CLPR : 

1. A fc'ul-resistant, flow-through cap^acitor having at least one 
an^'de and 

cathijde pair for use in the electrical purification, 
cC'ncent rat ion, separation, 

rei:overy, or electrC'Chemical breakdown of solutes or fluids, 
whi ch capaci tc-r 

cijmprises c-ne or more monolithic, spaced apart pairs of 
c.^^thijde- anode 

e 1 0'l't; Tijdes incc-rp>orat ing a high surface area material and having 

tj: n- induct ive sp-acer tietween the anode and cathode elect,rodes 
c:har ac te r i zed t-y 

an L'pen flow path between the electrodes tc permit the 
un'jt'S t ructed flow of the 

fluid across the electrc>de surface and of sufficient width to 
pi re vent the 

f'^uli ng of trio ::ap)acitc'r and wherein the open flow path has at 
ie^st r^ne 

'~: i !^ier..s i "tn -Z'per. to an exterior of che cap>acit'jr. 



1:. The cap'acitijr -of claim 1 wherein the monolithic high surface 
a o a ma tori h 1 

is selected fr-om the grc'up consisting ot: bonded or sintered 
activated c^ark'CTi 

P' a r- 1. i cles ; aeriDgel particles; conductive ceramics; activated 
c^roon f iloer 

cl'jtn; fibC'jus metal -::'jated with platinum; or transit i^z^n metal 
X i ■:ies , 

ij'.aides anl nitrides and comhtinat. iC'ns ther^'of. 



14. The ::apia.::i tC'i claiia 1 wherein the monolithic high surface 
are 5:. material 

■ :: . ;iS"S - : ^r::, +- ^.h r-arhw/.ni sintered tC'gether with a kiinder and 
-i-.p^'d with a 
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E"JCIIMENT- IDENTIFIER: US 5609756 A 

TITLE: Nucleii'philic boiiies bonded to siloxane and use thereof for 

ser'^irat i'ons 

f rc'in sampde matrices 



B^-pR: 

The invention further contemplates a structure comprising 
discrete adsc-rt'ont 

bZ'dies b'jnded to a monolithic substrate through a medium 
c imp^r is i ng a si Iijxane 
r 'J 1 ymer . 

I'LE'R: 

Where the invent i-on is embodied in a chromatcjgraphi c ap'p^aratus or 
s-:- 1 id F'hase 

a iS'j rpt i 'jn device, discrete adsorbent bodies are typically bonded 
t::' a 

monolithic or essentially monolithic substrate, such as an 
i nt -'r ic'i wa 1 1 c- f a 

chr-:'ma tijcrracihir- cC'lunin, ^jl a fitter or contiguous netwc^rk of 
" I r-'^- Y'r ^ h.:i:. sup']:-: r t 

tne adsijrbent p'ar'icles ot a sc-ira oha^.e .adG^::rpti -i'^". d'='vi:^p. As 
usO'l here in, 

the term " monolithic " includes essentially monolithic stru'::tures 
5 L. as a 

weave or mat of ci-nt igU'jus fibers. 
oE'TR' : 

In certain app J i -^at Iltls known Lo the ai't, a particulate sut'Strate 
:TL-r.y pre vide 

1':'Sirabie functicTis or advantages. It will be understC'Cid that, 
1 n L.'^i train 

'E mr d imen t s , the ncivel chrc'mat 'jgraphic apparatus or sciiid phase 
i iS': rp t i i-n 

0"Vic-^ of tne inveritKjn may coiiLp^rise a substratp which itself 
'ev.t' r I see 

^- * ^o ^ w-nrh discrete adsorbent bodi-'S are bonded 
:c;q.L :ir;ny, ^ .tiiip- ^ 

-.c. . ■■ : ^-c: ^ =r whr>r-Mn discrete bD-iies having a 

f u c t: i 'J ri a 1 s u r L a c e 

pi'jperry ai*- b-jnl-^d fo a monolithic or parti ::ulate substrate via 

t ric vo.o. ii um t"i f 

a sil'jxane p^'jlymer. 

Cr oh : 
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DOCUMENT- IDENTIFIER: US 5 6 07580 A 

TITLE: NucleC'philic bodies bonded to siloxane and use thereof for 

separat ic^ns 

f r ( jm s amp 1 e nia t r i c e s 



Ei^DR: 

The invention further contemplates a structure comprising 
discrete aiisC'rt'Ont 

bC'dies l-.on-ied to a monolithic substrate through a medium 
C'jmxirising a si l^r-xane 
1 -^TTier . 

Z^EER: 

Where the inven'iijn is embcidied in a chrc^matographi c app^aratus ^jr 
S'j 1 i id p'hase 

aisL^rpt ic>n device, discrete ads<?rbent bodies are typically ktoniied 
t:. a 

monolithic or essentially monolithic substrate, such as an 
i r. r er ic'r wal 1 r-f 51 

.^'hi'i'mat-jarapihi^- c-jlumn, nr a fitter r^r contigUiZ'US network of 
fir^ers that supp^^rt 

t.i[-* acis I'Ttiont, p^ar iicles «.jf a o-^did pliaS':' ads'? r pt 1 (~'ri deviop. As 
us*^ 1 here in, 

Lhe terni " monolithic " includes essentially monolithic structures 

weave or mat: ^f C'jnt igU'DUS fibers. 

DEER;: 

In certain appd 1 >rat 10ns knC'Wn to the art, a p^art i'l'ulate suk'Strate 
mfi V pre V ice 

■ri^sirarde fur.o.LioriS or advantages. It will i^e uniiers tc^od that, 
m -orthin 

eml:-: dim.-^c.t s , the ncivel chrc^matocfrapTiic app^aratus or solid p-hase 
a :is<:'rp't i or. 

devi.::e oi Lne inv-::.tiijn may ccmp'rise a sut'Strate which itself 
c jmp'T 1 ses 

: ^ '^^^^o]o-. t.-. whi.:;h ciis::rete ad.soroent k^C(iies are bonded 
■-f : ^ ^' SI i jx ine 
■ : v^"' " ' " T^r.._.r.i^ ;7,.^,v als^:; be ip'roi 1 r-.^ t lonc. :..;ther than in 



: o:: ;i " "-c * ^" , ^" ^ a 1 i s wherpin diSL:rete bcniies hdving a 
f unct 1 .icial c. ...1 f a I'.e 

or-: b:.n:lci ^-'^ ^ monolithic or piarticulate sukistrate via 
"^'i--- m--lium r 

sil'jxane p> jlymc-zii . 
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DOClJMENT-IIiENTIFIER: US 5599445 A 

TITLE: Nuciec'philic bodies bonded to siloxane and use thereof for 

sep'arat iC'ns 

frc'in samp'le matrices 



BSrF : 

The inventicTi further contemplates a structure comprising 
discrete adsc-rbent 

b':'dies t'onded to a monolithic substrate through a medium 
C'lmprismij a siloxane 
p';- I ymer . 

I'EE'r. ; 

Where the invent icTi is embc'iiied in a chromatc-graphic apparatus or 
sidid pl^:ase 

adsO'Tpt ic^n device, discrete adsorbent bodies are typically bonded 
to a 

monolithic c^r essentially monolithic substrate, such as an 

mt --rii-.r- wall (: f a 

rhrv-m3r<:'grap'hic cC'lumn, or a fiber or ci^-ntiguc-us network of 
f i r— r - ^har. ^-uiipc-r t 

tne ads-jioenc p^articles ijf a o^jiid fiiaS'- adsc rp^- 1 ^"'H devi';^^. As 
usolI here in, 

the term " monolithic " in'::luides essentially monolithic structures 
weave or mat Ci f ^'iTitiguous fibers. 
l)EE'?. : 

Ir: cer tain apipl icati'jns known ti:- the art, a p^articulate substrate 
may p^r ■: v i de 

i rni:d e functic'ns or advantages. It will be understocid that, 
111 -i-ertain 

emi:H: d iments , t he novel chrc^ma tc-graphic appiaratus oi scilid ph.ase 
adS':' r p't i t^n 

a^^^vic.e ot ino invention luay cc^mp^rise a sutistrate which itself 
c-jniijr i ses 

z ^ ---^nOi.r, r which disi'rete adsorbent bodies are bonded 

T:^ ''—\^ 1 so bo ap^pd i t i on.- ;.d.:.T'r th^.^ in 

1-^: -: :.: ^ ^ :.t 1 . ' -:^a'ysis wherein discrete bC)dies hdVing a 

f unc t i 'tnai sur f a-i-.^z" 

ptrt P'j r t V ni-- l-^nltd to a monol i thic or p'^rticulate substrate via 

the m-' ii um c f 

a si I'txane p-tlymer. 

CLPR: 
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1. A structure comprising discrete adsorbent bodies bonded to 
monolithic 

substrate through a medium comprising a polysiloxane polymer. 

CCOR: 
210/198.2 
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DOCIJMENT- IDENTIFIER: US 530 8 4 95 A 

TITLE: ChrcmaL^jgraphy processes using dop-ed sol gel glasses as 
c h r i:ima t o g r apli i o 
medi a 



Be- PR: 

B. ChriDmatC'grap'hic App'licat ions : The selective interact ic^n C'f 
doped sol -gel 

glass with the surrC'Unding chemical compounds makes this typ^e of 
g 1 a s s e s a 

p r':a:is 1 il'^ rhrcimatc-grap'h ic media. This pc-ssikdlity was 
sp'oci f 1 cal 1 y ment i c^ned 

m ihe abcv>-j mentii^ned patent ap'plicat ion . In examples B-F we 
demL'nst rate 

pd 5inar and column o-hrc^matcjgraphi es for liquid and gas 
ap'pl icatic-ns. Monolithic 

ac'P'od S'ld -gel glasses can also be used fc^r the same purp-jse. 



?IG. 'i i S':d C'Ses monolithic qlass derect^^rs iliZ^ped with i jui':* 

a'jonts lo pirevent ^^racKing. jpL^ex ^^ecti.'n: d:te:'t':^:^ tM=-^rvr.-' .^rid 
3fter 

im-mersi'i-n in sc-lutiijn C'jntaining tne analyzates; Ic^wer r^jw: 
monolithic g 1 a s s 
a i s K 3 . 

[BER.: 

FI'^T. 'lepd.i'ts several typical pliotometric detector's cc-ntaining 
ii'i'P'Od surf a :'e 

^':-"ive agents. The first upper sectic-n contains fC'Ur examples C'f 
monolithic 

O'l-p'Od glasses r-efC're and after immersion in aqueous scducion 
CL'nt a i n i ng the 

analyzate itrom lett to right: r.edox detortor C'-^ntainina 

i P'heny 1 an.i.n^rsu 1 f c-nate 
^ ^'^^^ .nn^^ s nia ':;e t vlioyr i :iin i um tiro-mide (C'F'r) befor-' 

■ : ^ t ^ r 

. " : ■ ^ >, w[ j ^ so lu t .1 ^ ^: : ; r^H iM'ii. 

L . ;", ^ a I i"i i n 1 

V. . . . ... 1 . ::n .... \ .. i • ' , ^ ~r ' a-^d f , ma -^-'t; y 1 t r ime th / i amma^n i um 

t^r amide (CTAB) 

o-r:.uo :ilt^a i:amcrsion in b.=^^i'' aque:'US S'"lution; ir'an 

r^^^^ -c^ .~)r rajrL^.ai nin-:r 

1.2 mc( C'-p'henantnr.jiine and 5.0 mi dPB r-efoie d-ui after imjr.ers I'^n 
m sa^ lut i ^an 

laaitainiiig ferrous ammonium sulfate; nitrite indicator L^antaining 
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4 mg 

1-Naf'hthylenediamine dihydrochlciride, 10 mg sulphanilic ac:id and 
6 mg CTAB) . 

Th^-^ lower row depicts few detectors (frtjm left to right; copper 
detector 

cc'iitaining 1 mg di thiooxamide and 6.25 m^g CPB; lead detector 
C'jntaining 1 mg 

galc'cyanine and 7 . 5 mg CPB; pH detector containing 5 mg 
br(jmijphenol and 6 . 6 mg 

CT7VB; nickel detector containing 2 mg dimethyglyoxime and 6.25 mg 
CF'B ; aluminum 

detector containin(g 5 mg alizarin and 12.5 mg CPB) 
jEPR: 

In all cases the described p»rocedure prevented cracking of the 
monolithic 

glasses even after few cycles of wetting and drying of the 
glasses. 

CCXR: 
210/198.2 
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DOCUMENT-IDENTIFIER: US 5141609 A 

I'lTLE: MeLhori an(j device employing t ime-(delayed integration fc-r 
lietect mg 

sample cC'mpC'nents after separation 



DEPR: 

Char ge-CC'Upled Device, A solid state device comprising an array 
'Z-t detectors 

which can be readily adapted for use in the present invention is 
t he 

cha t ge-cijupd ed device (CCD). A (:.CD is a monolithic large-f cjrmat 
s i 1 i con arr ay 

de:.e'::t(jr . Cxiar acter l s t i cs that: make it ideally suited f^jr 
detC': t ic n are 

^extremely high quantum efficiency ( . Itoreq . 8 0 - ) / virtually no 
dark irurrent , and 

ut' to 10. sup. 6 individual detectcir elements in the array. The 

•:CD is 

n-i'ep^tua II y similar to an electr-jnic phc'tographic film in that 
ti'-.th int egrare 

rior.al inf crmat ion . Th-- mtearating ability of the CCD and lack 
of dark 

■:-i.:rtent all^w the CCD to perfcirm exceptionally well in situations 
wher e several 

sec'inds are allowed for integrat i /jn c^f the signal. In 
mi ■:.:r'jC'j lumn sep^arat ions , 

detecti'jn Z'-ines can be ^i^Dns tructed such that analyte banils are 
view^fd foir many 

se^:: jnds--an ideal measurement task f-jr a CCD. 

CCXF.: 
210/198.2 
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DOClTMENT-IIiENTIFIER: US 4954149 A 
TITLE: Injection septunPi 

tiEPR: 

Ir: addition to the embodiments described above, the present 
i nvent ion f-r-jvi des 

fijr a monolithic sep'tum with annular and duckbiil ends of a 
uni t ary aperture . 

Such a sep'tum differs from conventional and other known duckbilT 
seals in that, 

when a needle is extended through the septum, the annular 
apior ture an(T the 

(iiuckbiil ap'Oiture expand elastically to accommr>date the needle 
and p'ress 

against the needle under the pressure of their def c^rmat ion . A 
wide variety C'f 

elastically defijrmakile materials can be empioyed in the septum 
P'rcvided by the 

p^resent invent i'jn. In additic^n, interlocking of cc^mponents of a 
•rc'mp'ii'Und 

-otum ::an b^' effected using a variety o- f means. l^im.ensions can 
be changed t^' 

accc'mmodate devices and applications other than thc'se 
illustrated. 

Cc'XF. : 
210/198 .2 
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EhjCUMENT-IDENTIFIER: US 4792395 A 

TITLE: Kiyh speed countercurrent centrifuge for removal 
attachment of 

cnromatc-graphi c ccilumns thereto, and chromatographic column for 
the same 



E'EPR: 

FIG. 4 shc'ws a variati-jn of the column holder arrangement used in 
the present 

invention. Elements 5' 10' il', 12\ 13\ 14\ 14a\ 16^ l-^ 

11' au'i ^'4' cr.rrespon<:l, resp^r'Ct ively , tc^ the cori-estionding 
e I ements 10, 11, 1 1 , 

1:, 14, 14a, 16, 10-22 and 54 m the emlnc'diment of F1G3. 1-3 and 
will nc't t'O 

further described in detail. In this emk'Odiment, a sleeve 62 is 
fitted arC'Und 

central shaft 5'. Thus, flow tubes 54' can extend upwardly 
thrcU'jh a central 

i:-:re Ln sh.^ft: 5', and out through exits 60 and 61, finally 
r , nn t i no ^ o t ori 

flange 2u' aniii tujoing .ada;^)to^s 16'. Quirk r'=*o=^as-^ 



threa-iO':! aljiut sleeve 62. Sleeve 62 is fixed to or is monolithic 

w: t n or^\ umn 

hidden 10'. The embodiment of FILt. 4, which places the rubmg 
11 nnec t i i-ns 1 6 ' 

at the tip' of sp'iHjl 19', permits facile inspect iC'n c^f the fl^iw 
tuties 04' and 

thtiir l:l^nnect ions . Sl eeve 62 is necessary ti create space 62a so 
that the 

1 : 1 umn 1 ' may h-e sli:i i^ff shaft 5' withiut hindrance by the 
p : rt i O' f tubes 

54' extending through i'p)ening 60. 

CC'OFu 
210/198 2 
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DOCUMENT- IDENTIFIER: US 4 636315 A 

TITLE: Fluid separator apparatus and method 



IiEPR: 

While the distributc.r body has been illustrated as i^omprising a 
P'air of plates, 

with the channels cc^nvenient ly formed at the plates' mating 
surfaces, it will 

b^=' appreciated that the distributor body may be fijrmed in other 
fashions . Fijr 

example, the ois t r it'Utcir t^ody may be formed as a monolithic 

structure with the 

fhiid passages formed therein to communicate between the fluid 
piort and the 

unifijrmly spaced distribution openings. The fluid passages on 
such a 

monolithic structure may be forme^l by casting or etching 
techniques kn-jwn in 
the art. 

CCXR : 
210/198.2 



12/18/2001, EAST Version: 1.02.0008 



DijCLTMENT- IDENTIFIER: US 4 5512 51 A 
TITIiE: Monolithic integrated f]ow circuit 



TTL: 

Monolithic integrated flow circuit 
AEiPL : 

A monolithic multi-channel integrated flow circuit cc-mprising a 
sup'P'ort matr ix 

sheet or palate impressed C)r emt^ossed with the ilesired circuirry; 
the -iesired 

':-ir.:'ULt elements such as transfer conduit anii sep'arati'jn columns 
a re int ear a 1 

wirh and (def ined by the supp'jrt matrix, which C'jnveni ently 
■r'jmprises a first 

def'jrmable sup-pc-rt sheet emht'jssed with the circuits elements by 
thermo forming 

techniques, and bc-nded to a support blank or correspc^ndingly 

e:TLr'L^.r. s*:-':i so ::c^nd 

s_:r'rM~irt sTioot to Ci^mpl^-te an^ii d'jfme the circuit. 
BSE'h: 

The invent i'l-n relates to monolithic integrated flow circuits 
u s e^ f u 1 i ri a 

variety C'f analyti'^:al and preparative applicati'ons, and 
piart i'Sul ar ly r elates to 

tnr'tma: 'tgraph i c fbtw circuits adaptakile to a tir^tad sp^e^strum 'tf 
kn'jwn 

cnr'i'mat t'lrr^ap h i c sepiara t i-jn and concentrati'tn pr<tcesses , including 
li quid 

P' a rt i " i ■■■n ^thrijmat'j'j rap'hy , 1 iqui d-sc' lid chromat'tgraphy , 
i jn- exchang-: 

thr'tma t rap.hy, gas-1 i qui id chr-tmatt'gr apihy , and gas-s^d id 
chr'tmat -tgrap hy . 



'^'l ^ -^^ ^ ^ - ^ ^ ^ monolithic mul t i - "'hanne I integrated 

7 f ^' ^ ' - " ^ 5 f ] ■ i i ci.-, . Eo i p ? ^ i ^ i ■ >:\ i ..: fl..,ddt accr^rdir 

.-.■-.c. . c:.- K. f ,~.r^^, i - m ti 1 D 1 s , the tlt'W tirc^ulL ol rtiO 
1 rivent i ^tn 

: ric 1 u-.il:^. fd ...L ] i r.y _ ^-op^rntion columns t)r channels 
1 ntet'^ "i^oie'^^ e d in sen es 

by integrated narrowe r -b'ji e transrcr conduits f-tr delivering 
fluid fr'jm. fine 

c'dumn to d next suttessive column. The MIEC jf the invention 
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C'jmprises a 

suppC'Tt matrix c-r sheet impressed with the desired circuitry by 
app'ropr iate 

m-jlciing ol machining techniques; the circuitry is thus integral 
with and at 

least partially defined by the support mLatrix. Conveniently, the 
circuit is 

fak'ricated by emt>ossing the circuit in a thin-gauge metal or 
plastic suppxjrt 

sneet, folbi-wed by bonding of the embossed sheet tc- a suppC'rt 
sheet blank to 

define the circuit, according to well-knijwn thermo forming 
tecl^ini ques , such as 

tnijse used tor td ister p-ackaging. Very cc^mplicated integrated 
f IC'V; o.i rcuir^s 

can :,nu3 reaciily YjO prcdu::ed acC''rding to desired piattern m a 
c omp'aL't sheet 

with-jut p'TiC'r art adap.)tors, transfer tubing, jc'ints, and other 
di sc ret e 

elemients requiring asseirirdy and structural integrity. Either 
f ] ex i rd e matr i x 

sneets, :r thicker, m-jre rigid matrix sheets (herein referred tC' 
as m.atrix 

";:d:.:^'S") :vo:Y be ^mpd'jyea. 

A':-C'^rriing t.-:- rhe present inventic-n, many cc-mLp^l^'X flow patterns 
a^ e '^it't. ainilil^r' 

f r L'm pdasr. i-:: sup^pj'jrt sheets or similar matrix niaterial m.cdded tci 
■define the 

monolithic intecfrated flC'W circuits (MIE'C) herein lescribed. 
'^'h^ra^rrter isci':' 

features of KTFC are as fjlb^ws: 



1. A monolithic integrated flc»w circuit C'jnsisting essentially 
■I'f. a '1'^' f rmard e 

m:it.rix pdate naving .^i Idcw circuit fc-rmed therein, said 
joi: rmdlde matr ix p)lat.e 

" ' V ■■^1'^ fO,v->7i^.-i t)iastj.c or metallis thin-gauge sheets, at least 
-=f 1^1 

^' " ■ '■^ r , ; ■ I , I , ] ^ r ; T 1 1 0: n r D rm-r' d l - y -^ttiT'O s s i n ^4 [ yi-z: .l o. Z'T. f i 'i s r. e e ^ ~ 

\ ; ^h-^- ^ - ^■■■^'v- .^al'i fl^r^w n^tt-^rn, said pattern dofiiiing a 
pi lural 1 1 y 'j t 

1 .d c , -f. ^^^o ir.-nie- beina joined tC' an adjacent Ic-cule 

bv an int-'-:ir:il 
craiiSler :: jndui t . 

CLPR: 
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6. A plurality of monolithic flow circuits according to claim 1, 
wherein the 

flow circuits foimed m said plates are interc-cnnected in series. 
CLFR: 

8. A plurality of monolithic integrated flow <:.ircuits accc-rding 
to claim 1, 

wherein a plurality of said plates are formed into a bltjck of 
c Ircuits 

int ercc-nnected in series. 
CLPP : 

L": . The monolithic integrated flC'W circuit of claim 1, wherein 
s.-.i 1 ■:: supp'Tir t 

siieets are thin-gauge plastic. 
cLr'F : 

1 . The monolithic integrated flow circuit cif claim 1, wherein 
said supp'jrt 

sheets are thin-gauge metal. 
riJ'P : 

1^. The monolithic integrated fl'OW inrcuit of c:laimL 1, whereiri 

■:::r:-uit is emoossed in a thermoplastic maLiix plcito by 
t l"i^:-rm J f c rmmg . 

l'i.jFT : 

1m, a method fc^r counter-current chroimatography comprisin':( 
s^;-ijarat ing a first 

liLfuid from a secccid liquid with which said first liquid is mixed 
ii'y p'assing a 

mdxr.ure C'f said first and secc-nd liquid through a monolithic 

i:C ---grar ec f Ic'w 

cii'ruit c^'UMc- L. int^ e3sc;nt lal 1. y of a ide format; le matrix plat-i^ 
naving a flc-w 

■-^ir^^uit fctrmed therein, said defor'mable matrix plate being of 
f rm.ed rdas t i c or 

iT.^"=illi: t.hin-jauge she^ots, at least cine of ^^aid sheets having a 
--^niooz ^.hero'-'n, s,iid sheets oeing ouiiO'^-A i.^o-ix-r: ' : or 

O t L O ITi f izl 1 O k^-a 1 1 'O m Ll^' 1 .1. i i x j i 'j ^ L ^ ^ ^ \. ^ * ^ - - ' [ 

b^-mg joined to an adja^oent I'jcuie by an integral oran-i^-: 
O'on :lu 1 1 dna 

3..b~c::ting said mixture to counter-current shr^oma tograpliy m sai^ 
CO lumn . 



A F: : 
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DOCTJMENT- IDENTIFIER: US 4440638 A 

TII'LE: Surface field-effect device for manipulation of charged 
sp'ecies 

DEPP.: 

f'ielectric film 96 is suitably a layer of glass. The glass layer 
serves to 

hC'la the top portion of the capacitance device in juxtaposition 
with the I'l'Wer 

p-jrtiC'n 100. The glass layer can be formed using conventional 

1 ntered infused 

glass techniques emplc'yed in hybrid circuit prC'Cessing. The 
capac 1 1 i ve dev ice 

an'ii measurement system may suitably be in accordance with than 
di sclc'sed in 

Sander et al., " MONOLITHIC CAPACITANCE PRESSURE TRANSDUCER-IC 
WITH PULSE PERIOD 

fjUTE'UT"^ IEEE/Engineering in Medicine and Biology Conference on 

Fr '"I'lt i ers C)f 

^"■n':ri neer inq and Health Care, 1979, pages 189-192. 

C>::XR: 
210/198.2 
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DC'CUMENT- IDENTIFIER: US 41750 3 7 A 

TITLE: t'roceso for packing chrcimatC'graphii^ ciDlumns 
IiRPR: 

FIG. 2 is a schematic diagram illustratirnj an apparatus for 
e f f ect ing the 

methijil cf the p^resent invention used in C(jn j unctitjn with a 
monolithic g 1 a s s 
chr'jmatcgraphic column . 

It^.PR: 

R^i'fH-rring t C' FIG. 2, another emk'odiment of the present invention 
iz ehown 

wherein a monolithic glass chromatc^graphic column 31 is shown 
r^emg packe<:i in 

acc'^rdance with the method of the present inventic-n. The 
monolithic glass 

L-lirc^mat'Ogr^aph ic c.ijlumn has a cc^ntinuous passageway fc>rmed 
: ne r e tli i oucY. wh i ih 

:-r-n b^^ p'a'::ke<:i witn chromatographic packing material in a'::cordance 

jji esent inv^'ntic-n. QuicK-coniit-L L anJ disconnect "c-" ir) 1 i n^i s 34 and 
': K enable the 

c-: humn co he cc'nnec:ted and disconnected fiomi the p^acking system 
c f the piresent 

invent ii:'n. MoreC'Ver, these cC)Uplings enat)le the p^acked 
c h r 'ima t o g r ap^h i c c o 1 umn 

he readily ccTinected to gas feed and analytical devices. 

CCXR: 
210/198 .2 



12/18/2001, EAST Version: 1.02.0008 



DCMrLTMENT-IDENTIFIEP : US 41168 3 6 A 
TITLE: Chrcir.atographic column 



A monolithic glass cons truct i(jn having a cC'ntinuous p^assageway 
fc imed 

tnererhrough p-acked with chr<:)matC'graphic packing material is used 
a s a 

chr ijmatijgraphic c-jlumn. The monolithic construction enables the 
C'jlumn t'j Ije 

f'jrmed c-f the Ir^ncfest r'racti'::al length and smallest practical 
d i ameter to 

in::rease the »E'ffi:uency f the ccdumn, while alsc* prC'Viding a 
durable cc^lumn . 

'jui ck-cc'nnect: and discc-nnect coupilings tc- a gas feed and analysis 
device are 

m'junted on che monolithic cons truct ii^n . 



hr. accci"dciriCe with ^jne f'^rm of t-.he invent i-jn, the chrijmatc araph ic 

■:-'jnsis:s -jt a monolithic jl.:i.:.o ^.^y 1 i:".dor hr\'ing a p-.^i'^ rrip)Osed 
surfaces ^nci a 

side wall in which a '::C'nL inU'jus helical p-assageway is formed. 
T r. e pi s s a g e w a y 

is p:a:ke:i with iias aktsc-rpit ive material fc-^r p-erforming the 
ch rcmat L'crr'ap'h i c 

pir.:-cess. Gas can h-e injected directly intc- the helical 
P'issageway and a P'air- 

ol n.e^al flanges can ho inserted C'Vei' the e^p'posed surface 
C'jmxvr is incr the top 

ana b-jtt'-'m -dges ot tne glass cylin(jer. 

ihe iian'4^-'S jru. be fcrmed< fri^m. m-e"^al to pireclude L'hip'P'ing ^rid 
I'Toaki^'j ot the 

monolithic 'Mass /c-nscr u-::ci'"'n and to furrh^='r serve as a cC'nductor 



a I :-.'.;na r' ^-- 



monoli thic . ^ v-^, ^ tv ^ "-■^-upiinas (jn tne fiarig^j dlio purcvri! 
firm means oi 

^ t fv.".r milling ^h-' ^-^^"'T-int^ iti'ins tc the valve struiiture. 

BS r'F' : 

The monolithic ':[lass C'lns truct ion may also take the fc^rm of a 
1 1 amber of sta::ked 
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plates fused tcgether which have continuous interconnected 
P'assages <jf 

sinuoC'idal or C'ther configuration formed therethr<jugh . The 
p^assages are als;:^ 

packed with ga5 absorptive or adsc-rptive material. 
&3PR: 

By using such monolithic plates or cylinders, the height c-f the 
r esul t ing 

ccdumn can be constructed at will with any diameter p^assage 
wi thin pract ica 1 

limits, serving tC' effect a chromatographii:: cc-lumn of high 
e f f iciency . 

rurtner-, :.he resultant, cc'lumn tiocause C'f its monolithic (-jr scdid 
':.ne p i ece j 

C'jns t ruct i c n is ext r eme 1 y durakd e . 
B3E'R: 

The cylindrical cC'lunin can be formed by wrappdng an expendable, 
sacr i f ici al 

tubing in a coil or helix of appropriate spacing and length 

■arounri a sei'ti^-.n of 

crlass tubincf supp^jrted ori a mandrel. It is C'jnsidered preferatde 
^ ■ . f i rst .:-u: , 

'jrma, et'i'h or mij 1 d tne >:rici^.s t.^bing in th^E -^.^'^ i r'="'': n-F'li':^] 
oor^ f i crura t i <: r 

:-t.]\oi 'lesired c icif igurat i on and to wrap) the sacrificial tubing m 
th';' resu 1 1 1 ng 

<:rr'jijved p)ath t'l- therel^y estatdish and retain the lesired sp^acing 
ij^-tween the 

c :d 1 s of tuidng d:.irin<:i subsequent prc-cessing . A s^e^sc'nd tube is 
tU'i-n p 1 a'::e-:i 

■jver- :ne -t : i 1 s-i^ a cc'nc:entric sandwich is fcunied -on the mandi'el . 
Suf f ici ent 

t :s ap'pdi>^'i r <jne end of the inner and cuter t\.ib-'S t^:' effect 

es at Slid : ne erxi therecd. A vacuum is drawn ijetween tne 
er an:i center 

es 5ind heat is appdied t-j the tubes, sausing sani tubes tc^ 

i -c r-p ^c: 1 -1 1 ireas j:!*itween tne :i ci ^ - t i ; . -t ^- v^-.;-.^^ ^'-^i'^'i 

^ur:os t'jg-:' L : i.:.^.., - monolithic - - , v. 

c:jmplete, tne sacriiicial tailing is remc^veu :.'V iit-.a,... u ... 

r-'^c^t^int cnemic:al c-omp'ound such as F'eC 1 . sut) . c , Ht:i, an cij-^ti-.., 
ao. id-n 1 1 r 1 c a id 

mixture and the like whicdi creates a continuC'US p'assacfewa v ot the 

desired 



tt; 

1 nr 
t- - 
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configuration thrC'Ugh the monolithic structure. The resultant 
C':duirin is 

monolithic (c.r solid one piece) m structure having the integrity 
of a single 

heavy wall glass tube. The ccaitinuous passageway is then loaded 
w i. th 

chromatC'graphic packing thereby forming a monolithic p^acked 

chromat'jgrap'hic 

C'id umn . 

BSPR: 

In the stacked plate construction, sacrificial tubing may be 
pdaced m grc-c.ves 

cut, gr:-und, e'zched or mc'lded in a desired continuC'US passageway 
.'Uf i gur at ic n 

n ':ne -jf the twc- op'P"jsing surfaces of a glass plate and a second 
pdate fused 

thereto. After rem<oval of the sacrificial tubing, a monolithic 

pdate having a 

c:.'nt inuC'US passageway formed therein is obtained. A p>lurality of 
such 

monolithic pirates may be stacked L-ne on top' of the c-ther with the 
L^i^tlet ot one 

'■''\:\-'0 tc zo:0 inlet ^~:f ^he next adjacent pdate such as with a 
'jlass or metal U 

tube. The r^r'sulting ccintinuC'US p-assageway through the stack of 
monoli thic 

platies c^n oo piacked with chr>jmat'jgraphii:: p^acking material to 
o.roaze a packed 

■:d.r 'jmat ■'■grap'hic cc-lumn of significant strength and resistance to 
Ijrea kao^e . 

Ki'reijver, a r^odumn 'jbtained in this fashion is surruis mgly 
o :'mp'ac: ana 
f icient . 



hL.mn IC in.:;]udO'S a monolithic glass cylin'ird cal tube 12 having 
nelical 

P'-jssageway 14 fc'rnied in a sioe wall 16 thereo-f. Qr.o -r\d of 



1 t-p b- U t :im --lae 1 r- j L j y±inu-i ^:.a o:.- 



-'o; L.:t .:r :. ::f th-^^ monol i thic C'jns t ruct icTi of column 

1, i-ir-abl^- 

columns as I'jng as ZOu feet -jr more may ce minuf :t iired having a 
smal 1 di ampt-^r 

P'assageway 14 whereby the efficiency ot the column iiiciy be 
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substantially 

increased. For example^ columns having more than 2,000 
theoretical plates per 

fi:-:t have been fatricated with the construction illustrated in 
FIGS. 1 to 3 

wherein heretc-fore it was only possible to fabricate cc)lumns of 
ar":'Ut S 00 

theijret ical p'lates per foot. 
DEE 'P. : 

C'jlumn 10 is fabricated in a monolithic construction by wrap-ping 
an expendable , 

sacrificial tubing in a helix C'f a length and width spacing 
t'er.ween lIlo ccdls 

oi t-he lielix as desired arC'Und an inner glass tubing section 
^upij'jrted on a 

mandrel. It is cc-nsidered preferable to cut, grind, etch ci mold 
a gr-j'ived 

path on the C'Uter surface of the inner glass tubing to serve as a 
guide and 

retainer for the sacrificial tubing. In this manner, the sp^acing 

wire can be preset and retaineci during the heating cjp^-E^r it ice. . A 
^'-"-■nd cuter^ 

secti':'n ot glass tuijing plzij-id o^vor th~-- ^r^^-d 1 and first tube to 
for:u a 

:• : r-rent r i c san-iwich cn the sup^pcuting miandrel. Sufficient heat 
1 s ELtit) 1 i od to 

ov.e end c>f the sandwich to effect fusing of the glass tufcte? at 
said 'jne en'! 

tnerec't. A va^i'UUKL is then drawn between the inner and c>uter 
gl ass tukuna to 

iooo boid fi'jw int':' the interspiacial areas between the sEicrif icial 
I uo: nL( . When 

tr.is ';p'er at ] n is cd^mplete, the sacrificial "^ubing is remC'Veii by 
means ot an 

3:d.-:l C't :^l"iant or C'ther reactant compound which leaves the liesired 
c-:-ri t i':iurci 1 1 'jn 

t :-r ttio ':--:dumn. A chr^jma t'^grapihicall y chemi(::ally inert pc'iou::- 
1 =;'-'r - 'i int':' a termiCicii i-.^rz :....o. i .■ :C :oo::r - ^ -t^-wh -y 



ot tiijei giass, gidt.^; W'^-^d , glass iii^-, --m .:ie.:t .:i.* ^ - ^: "^^^ 

a:d.d w-Z'ol and tne like. Such retaintjrs can aisfj b- xnt rr..cs jd i^: 
trie termindl 

tcirti'jn of the irilet and outlet lines leading tC) and tr.jm the 
c o 1 um.n t o f u r t h e 
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pr<jtect against loss of packing material. The passageway thus 
f'i'rmed by 

removal -of the sacrificial tubing is packed with an apprcipriate 
adsorpt iijn-desorpt icin material and a porous retainer as described 
here inab'jve 

can be inserted intC' the initial pc-rtir'n of the cc-ntinuous 
passageway c^f the 

column therek-y sealing the packing within the passageway of the 
C'l' l umn . The 

resultant structure is monolithic in nature having the integrity 
'jf a single 

heavy wall glass tut^e C'f desired length. Moreover, the precis ic^n 
b-ire of the" 

r: fis:~ageway C'titained through use C'f the sacrificial tukdng is 
t^elieved zo help' 

i n OD'iai Yi 1 n p a c k i n cf un i f o rm 1 1 y . 
:>EPP.: 

As shown in FIGS. 7 to 9, inclusive, an annular metal flange 24 
may be seateil 

or: the k'C'ttC'm and top edges 18 and 22 of cylindrical column 12, 
r -■sp'ei't ively. 

Th- metal tianges 2 4 preclude ::'hipp>ing ':'f the monolithic glass 

O'lumn 12 and c:an alsC' serve ai-A in t.ho e 1 imi ^.ot i n nf otat:!.:: 
■::hir 'lies '"'.ar red 

Ijy "he samf'le under analysis in passageway 14. 
L)Et^P, : 

As sh':iwn in FIGS. 4 tC' 6, inclusive, the chromatc>graphic column 
12 can be 

Ii'imed with botri the inlet and outlet fc-r the gas sample in 
e 1 tner tne z^i-p or 

r":'tr'"im e'lges 15 c^r 22 of the glass monolithic cylinder 12. As 
oliL'Wn, the inlet 

1 dTi'l c-utlet 2 0 can b^e disr^osed on op^pc'Site diametrical pc-rtijns 
I'f the t^'p 

■--:lg^=- 22 of ■■::yiinaer 12. A flange 24 can be dispctsed over the tC'P 
-■dge as well 

^2' ' -.-J--^, witli a auick-d i sec nne'i't and c-jnnect 

"■y : i o:\ r i c s 1 :r' i i na ti 

monoli thic 

■ 'K - 1 ... ^ :.. .1 . ... 2: f -.. ^^^^_v, ^ tube in permits C'jnvenienc^ tor 
5i 1 1 achment f c^r 

sui ar)i e jlo^I oguip;mont . 

oLF'P : 

1. A pa::ked r^hromatograjijhic cc'lumn C(jmf)rising a glass monolithic 

:o-' n s t; r u 1 1 o n 
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having at least one pair of opposed surfaces and solid glass 
therebetween ; 

CLPF : 

3. The p-ac'ked chromatC'gr aphic column of claim 2 wherein said 
g 1 a s 3 monolithic 

cc'nstructiC'n is the side wall of a cylindrical tube, said side 

wal 1 C'jntai ni ng 

said 13'jnt inuous passageway . 

CLFP.: 

11, The p'ackeil chromatographic column of (-laim 1 wherein said 
g lass monolithic 

I'cnstiructi'jn includes at least c^ne suk'Stant ial ly planar plate. 
CLFr.: 

1^. The p'acked chromat(jgraphic column of claim 15 wherein said 
g 1 a s 3 

monolithic construction is the side wall of a cylindrical tuk'O, 
said side wall 

CL'nt a i n Ing said continuous passageway . 
CLFV: 

A -..■■:vn L i nuC'US passageway of essentially constant diam.eter adapited 
to receive a 

fl'jid there thrc^ugh contained whcilly within said sc'lid glass 
between said 

■jripc-sed surfa^-^-es of said monolithic cc^ntruct ion, the passageway 
having an inlet 

arid an outlet -jpening in at least one of said opposed surfaces, 
arid 

210/198.2 



12/18/2001, EAST Version: 1.02.0008 



DOlTIMENT-IDENTIFIER: US 5833861 A 
T I TLE : Per tusive ciiromatC'graphy 



E'EPR: 

Brc-adly, in a'ri::C'rdance with the invention, perfusion 
cht <:>mat<jgrap'hy is 

P'raoticed k^y passing fluids at velocities above a threshold level 
thrc'Ugh a 

specially desi'^ned matrix characterized by a gec'inetry which is 
kdn'.'jdal c^r 

multimodal with respect to its piorC'S i ty . Perhar-s the most 
f uri'iamenta 1 

c^bservaL ioi'i relevant to the new p^rc'cedure is that it is pc.ssiijle 
to avc'id locith 

the loss of capacity characteristic of cc^nve'^t ic-n kiound systems 
an'l the high 

pdate height and bandspreading character^ s t i cs C'f diffusic-n k^i-und 
systems . 

Tnis caf: he acC'jmpd i shed k'V forcing chrcmiatC'graphy fluids thr^^ugh 
3 m a t r i >: 

•^■-'■^'ni n --'t ■:■ f larger p<:'res, sur.h as are d-i-fined k^y the 
1 nters t i'::i es aitL-ong a 

i:-: :i -Df p-ar tides, and which determine p-ressure drop^s and f lui-:i 
fi.:w vebiMid ties 

thr C'Ugh the k-r-d, and a set of pxi-res of smaller diameter, e.g., 
ani s J t rr.pi 1 c 

thr^: ughp'-ares . The smaller piores permeate the individual 
particles and serve to 

deliver chrcm.at'jgrapny fluids by C'jnvection to surf^ace recfions 
v;ithin the 

parti-'d-e^ interactive with the scdutes in the chr^jmatc-gr aplny 
1 1 1 d . 

Fr^'^L tne toroa'jina cieocr ip-t ic n many ^af th^^ kiasic engineering 

oc'al s t- k^e 

a "c^ i :^ ^ ar^r I .:'a t i':-]". of matrix material.: suitakde fa^r the 

r r a -^.i a- f 

: — - 1 , M-f ratoh V will b'^ --iripa r- n : t'_' th'-.'^r skilled ir. ane 

z: L . i nU.r , 

c : ... o: \ - ^' r^.^- ^ i --o o-rfusi^an chra-mata a:i aoiiy la a maar^iA 
whiah will na'i 

ara.:ai una-i yrc^-'j^i:- aa'^^rg ^ bdmodal "^r p^referakily multimodal 

and as large a suri.:ice area p^er unit d ume a::, p^assikdp. Tna* 
first anai sea^a-nd 

P":)re seto v;hiah gia^e the material its r)im':Mial fla^v; pra.^perties 
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must have mean 

diam.eters relative to each other so as to permit ctjnvective flC'W 
through t'Oth 

sets of pC'i^s at high V. sub. beds. The provision of subpc-res m 
the matrix is 

not requirea to cc-nduct p-erfusiiZ-n chromatography h-ut is preferred 
because of 

the inherent increase in surface area per unit vcdume C'f matrix 

niaterial su'::h a 

cc>ns truct iijn prc-vides . 

LiEPF. : 

In C'jntrasr tc- the ?L 4^ 000 material, which, with resp'Oct to its 

voie 

structure, is multimodal , a more ideal perfusive p-article migh:. 
■:-' jm]jr i se a 

pdurality of sets ii-f thrC'Ughpctres and sut-p-jres ot differing mean 
iiameters. A 

bim^'dal pore, size distribution can be achieved in such particle 
k-y mixing equal 

rati'i'S of piarticles having twij discrete pore sizes or Yjy 
in':-?r i r^a this 

feature az zho ptC'lymLerization stage. Ideally, m.ean Liiameter 
r ^ ^ 1 i: -e tW'S'en 

z riroogYipoz o s.^t)sets v^o^ui^j be l^c s zhai. 1 v , th^E^ ^.^^-^.^ ' ii^rri-t-'r 
r^iZio }jet,ween the 

smallest :.h roughp^:- re sets and the subpxjres would tie less than 20, 
an-i tne m^^an 

diameter ratic^ tietween the first p'jre set, i.e., the int -^rs t i c ies 
a:Ti':'ng the 

r'arti::les making up the matrix, and the largest thrijughp'ore 
sut'set wciubl fje 

less tnan 70, an^il p>referak'ly less than 50. A multimodal material 
mignr ije 

p r.: cu L^'ja :?Y a^rcf b:>ni^rating Olmj .AN(3. pic-rc'ns to fC'im app'r-ox ima t-d y 
1 . mu . ni 

■:-lusters, which m tur.n are a^rgl omerated to form 10 .mu.m. 
a'>:i re crates , w:.ic:-i i ,i 

turn may agcrregateti t :> fcirm 100 .mu.m particles. In such a 
c^"'U.^i ch..-:-;rs W':'...^ia n.^ive ^nt-- r -c..^ .... : :t-a:, .d::tc^~r" i ^- 



surtace area. Liittusive trauop'^-rt witnm tn^^'^e r ^-.^ vv...l.: 

^x-e--:t a distan'te t^f . 5 .mu,m or 0,000 .ANG.. Interst i jre:=, 
amtng tne i .mu.m 

'~:lusters making up^ the 10 .mu.m aggregates wcmld p'ormit 
cnrive-tivo flow to food 



12/18/2001, EAST Version: 1.02.0008 




the diffusive pores. These would be on the order of 0.3 .mu.m in 
diameter . 

These throughpor es , in turn would be fed by larger pores defined 
by 

mrersticies amcing the 10 .inu.m particles making up the 100 .mu. lu 
part icles . 

These would have a mean diameter on the order of 35 .mu.m. 

CCXR: 
210/198.2 



12/18/2001, EAST Version: 1.02.0008 



DOCUMENT-IDENTIFIER: US 5605623 A 
T I TLE : Per t usive ijhr omatography 



E'EE'R: 

Br':adly, in aC'i-C'Tdance with the invention, p^erfusion 
■I'hr L'lnatijgraphy i s 

practiced k-y passing fluids at velocities at'Ove a threshold level 
thr'Mjgh a 

specially designed matrix characterized by a geometry which is 
r 1 m'jda L or 

mul timodal with respect to its jjC'rcis ity . Perhap'S the mcist 
f ■..indamenta 1 

:-ose r^va t. i i^n relevant to the new p'rc'cedure is that it is possii'le 
tC' avc'id k"jth 

the loss ot capacity characteristic C'f cc^nvectic-n k>ound systems 
and the high 

pdate height and bandspreailing characteristics of diffusic-n kiound 
s ys t ems . 

ilMs I'an h>-' ac mp^l i shed r-y fc-rcing chromatc^graphy fluids thrc>ugh 
3 m a " r i >: 



f" T ' 



araer p-^ires, such as are d-^'fineci by th-^* 



r^ac t. i.-l^ 
oo 1 1 ve r 



inter s 1 1.'? l^-s amc ng a 

r^ea ot p-a r r i ir. I es , and which determine p=ressure drops and fluid 
fP:,w velc-c-it ies 

thrC'Ugh r.he bccw and a set cf p'Ores ot smaller diameter, e.g., 

ani sot rop i c 

'res. The smaller p-ores p^ermeate the indivi-lual 
■> ania serve to 

::hr-oma t I'graphy fluids t-y cc-nvection tc- surface regic^ns 
wi t. h in r ne 

part:!.:^. 1- intera::tive with the s-t lutes in the L-hro-matograp'ty 
il.^iii. 

PEE'h.: 

F'r'im tne f 'jro':!':- mg desciipiticn many of th- laasic engineering 
oo a 1 s ]jo 

: :^ ^ - r^r i ■ :at i«:)n :■ f matrix materials suitatde f-ar the 

'^^^ - ^ ■ -m r ^nt v will 'j.r)parenr t.-; [h:,^r rViil^-i i r. thf 

- - o. : ._; ;\ : . • ■ ' r>-^-^\^-r^ n-rti.isir>n chr i.^ma t jr apli y is - mar.rux 
wh I ah wrll niaa 

vuacii uni-i i..r;;cura ha'^^:^-^ i bimodal cir p-referakdy multimodal 

pr.rr-^ f r U 

ani as lar'a^^ 
first and s^=:C'jnd 

pore sets v;hiah give the material its bimoddl flc^w prajperties 



r 

a surface area p;er unit vjinate as possikd^'. The 
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must have mean 

diam.eters relative to each other so as to permit ironvective flC'W 
through h'C'th 

sets C'f pores at high V. sub. beds. The provision of subp^jres in 
the matrix is 

not required to cc>nduct perfusion chrC'matO'gr ap-hy hut is r^ref erred 
because C'f 

the inherent increase in surface area per unit volume Cif matrix 
material such a 
construction p'rc-vides . 

L>EE'P.: 

In C'^ntrast tc- the PL 4,000 material, which, with resp^ect to its 
i: L I - 

structure, is multimodal , a mr>re ideal perfusive P'articl^ mighc 
C':'np'r ise a 

pdurality of sets of thrC'Ughpores and sutpiores of differing mean 
diameters . A 

tumo'dal p'ore size distribution can be achieved in such p'article 
t'Y mixing equal 

rati'i'S c>f p'articles having two discrete pore sizes or by 
J i r.oo r i r:a this 

feat.ure at the pni' 1 ymier i zat ic;n stage. bleallV/ m-^-a:! diameter 
r ^1 1. i o Ijo^ v;een 

" n: ughpi'M'^E' subsets wijuIli be le^s ehan 1 v , th-E' m-=^n diam^-t^r 
rati'i between the 

smallest thrciughf -cvre sets and the subpores wC'Uld be less than ,r'0, 
5;n':i trie mean 

diameter ratio- between the first pore set, i.e., the intersticies 
5imi:ing the 

p-ar. tides makin-~j UP the matrix, and the largest t hroughpo're 
suosez wo^.ild tie 

1-j/ss tnan 7 0, and p)referably less than OC'. A mul timodal material 
mn:(nt be 

^■i: iucO'i t'y agg i '"'mora t ma 500 .ANG. picirc'ns to f-:rrv. app'rO'X ima tely 
1 . . m 

clusters, wnicn in turn are agglomerated to fc-rm 10 .m.u.m 
a a r 'E'lJ a t ^ o , wn i -sh i n 

turn may i-e aggregated to form 100 .mu.m piarticl-^s. In sU'::h a 
.TTi:],^: ::];isters wo^i^ia n<rive ± n t i .rU :l ^ - ^-^ : ^ : ::: ^h"^ 



surta'::e ared. Piitusive tian^p'jrt wirhm tnese i^^. .1 i 

' " L ' d ^' \ ' ■ + 

-xree^l a distance of 0.5 .mu.m or 5, ono .ANG.. Intersticies 
anMug the 1 .mu.m 

clusters making up> the 10 .mu.m aggregates wjuld permit 
~: c; n \^ e 1 1 1 e f 1 'O w t o f e e d 
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the diffusive pores. These would be on the order of 0.3 .mu.m in 
diameter . 

These throughpores, m turn would be fed by larger pores defined 
by 

mtersticies among the 10 .mu.m particles making up the iOO .mu.iu 
P'art icles . 

These wc'Uld have a mean diameter on the order of 35 .mu.m. 
C'LPF.: 

8. The chromatography system of claim 7 wherein the packed 
^'articles define a 

bimcMial or multimodal pore structure. 

CCOF. : 
210/198.2 
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DOC^ENT- IDENTIFIER: US 5552 041 A 
T I TLE : Perf usive chromatc-grap'hy 



I'EE'R: 

Erc'-adly, in accordance with the invention^ perfusicin 
c'hi 'jinatograp'hy i s 

j::racciced k-y passing fluids at velc'cities atxi-ve a threshc'ld level 
thic:ugh a 

sc>ecially designed matrix characterized by a geometry which is 
t'im^'dal cr 

multimodal wi^h resp^ect Z.o its picir'-^'S i ty . Perhap>s the most 
t un'i amenta! 

c-h'Servat ion relevant tci the new pir^jcedure is that it is p'ossitiie 
to avoid to-th 

the I'jss C'f capacity characteristic ot cc^nvec tic-Ti i:'cun(i systems 
and the high 

pdate height and bandspreading characteristics c-f diffusic^n knjund 
systems . 

This ran k^e a^s :: ^mpli shed k-y fijrcing chromati^graphy fluids thrc^ugh 
a matrix 

:.-v'ir..:: ?i s-:t ct larger- p-^ires, such a^ are defined k^y the 
in ter s 1 1 c 1 ^e-s ams-ng a 

k-d of tj articles, and which determine p^ressure drop'S and fluiia 
f hjw vel'i'cit I OS 

tnrougn tho r>^d^ and a set of pc^res c-f sm^aller diameter, e.g., 
am sC't r^i^p' i c 

tnr :'U-:(hp jr es . The smaller pnjres permeate the individual 
p-ai'ticles ana serve tC' 

oeliV'=r itorc'mat'i'grapliy fluids kiy c:nvecticn tc- surface rt-gions 
wi tnm : te 

p^arricle interactive with the scd.utes in the s-hi ijmat ograp'ny 



Erciiii :.ne t. ►zi.j-j ing ^ie^ or : p^ t i : n many ot th^- k^asic enameeiing 
?c al s t'-. r-e 

^ ''o-=-"^ 1^"- -^"^ f abr i ca. t i<:'n f matrix mat-^rials suitable fc^r the 



ar.^r-tv wio; re -r'par^n 



pv^^.^ .r^^ D^rtusi'-jn cm LiTiat c-jratin'y 



wm'::h will uijt 

^^■..rii ■^a;lo.' po oosur':' :--'^nng ^ b i m(jda 1 or pireferakdy multimodal 
P'or^' truc^ur-':' 

and as lar^e a surf,^c-^ area per unit vcloni*- .^s ro-csiblo. Th^' 
first and se^:':.'n.i 

p):jre sots which give the material its kannsdal flr.w piroperties 
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must have mean 

diameters relative to each other so as to permit convective flC'W 
through both 

sets C'f pC'ies dt high V, sub. beds. The provision of suk>pores iri 
the matrix is 

not required to conduct p^er fusion chromatography but is preferred 
because C'f 

the inherent increase in surface area per unit volume of matrix 

material such a 

CiiTiS ti'uct iC'n p-rc'vides . 

DE PR: 

In i?ijntrast tc- the PL 4, 000 material, which, with respect to its 

P":>re 

stru'::tur e, is multimodal , a mc^re ideal perfusive p-arti'iile might 
■:- j:iLP'r i se 

pdurali^y of: sets ot thrijughpn^res and subpnjres of differing miean 
aiameters , A 

kdmrMial p'^^re size distrik-ut ion can be achieved in such p^article 
k'Y mixin<:( equal 

rati'i'S f p'arti<::les having twci discrete pore sizes or by 
o:\ J i nee r i n thi s 

f^:'^tur-e at. the p':'lymer izat .non stage. Ideally, m-an dianieter 
r ^ t i k'O '=:n 

r rLr':'U':(npi'jre suk)sets W'^ui'ii k)-: le^s than 1 " , tr.o m-:'^^: diaiii-'t-r 
r at i k e fween the 

smallest t.hrouLfhpMjre sets and the subp'jres wc-uld be less than 10, 



mean 



■liiameter rati:, between the first pc>re set, i.e., the intersticies 
sm/ona the 

P'artirles making up' the matrix, and the largest throughp'jre 
s..k)set w.juM be 

less thir: "0, an-i preferably less than , A multimodal material 
TT; i ar ^ k'e 

L'L ■j^A.s.c^i-i ;: ;/ agci 1 ^me rs t in j 5'jO .ANG. pj-jrc^ns t~^ f':^rm app^r^jx ima t ely 
1 . ma . rr. 

'idust.ers, whi>:'h in turn are agglomerated to fc'rm 10 .m.u.m. 
.^j'j'ir tega r ^s , wnicn in 

'on:, m.ay k-: aggregate:! t'j f^jrin 100 .mu.mi p^ar tides. In such a 



' I r W j'-j. 1 a Ti 



surta>::e area. Diltasive transp'^rt withm rji--se p^^r-.-. 

■-y-o^^i a 'iistance jf C) . 5 .mu.m ar 0,000 .AUG.. lr:terstis_ 
am-ang th-a 1 .mu.m 

rlusters making up the 10 .mu.m aggregates wauld p)ermit 

C'.Hix^ec t i a^e flow tc"> fe^^i 
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the diffusive pores. These would be on the order of 0.3 .mu.m in 
di ameter . 

These throughpores ^ in turn would be fed by larger pores defined 
by 

mtersticies among the 10 .mu.m particles making up the 100 .mu.m 
part Lcles . 

These would have a mean diameter on the order of 35 .mu.m. 

CCOR: 
210/198.2 
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DOCUMENT- IDENTIFIER: US 554 0 8 34 A 

TITLE: SyriLhesis of porous inor<janic partioles by 
pij lymer 1 zat ic'R-inciuce'ii 
oc'llijid aggregat iijn ( b'lo^A) 



HiEF'P : 

The specif io surfac:e area and porosity of the sintered particles 
measured k^y 

nitrc'gen ailsc^rpt i'jn were 13 m.sup'.2 /g and 29?., respeii'ti vely , 
which are m 

t e.i^sc-n.ii: .1 e agreement with c D:'Se-packed, liense Zr0.su}:'.2 spheres 
wi :h n^jnuni f ijrm 

p-article size. The p'jre size id isti ibut ic^ns (psd) obtaineo t^y 
n i L. r ■: gen 

adsc^r p t i c>n and desijrfit i'jn^ and mercury pc-rc'S imetry ( inti usiC'n) 
are dispdaycLl in 

EdG3. 4A, 4B and FIG. 5, respectively, Fr-z-m N.3uk>.2 adsc^rpi t iijn, 
the P'Sd was 

:ie:.':'rm.i n^ :i be rattier narr^jw with a maximum near- 400 ..AMG. and 
a sn:a 1 1 

:.n: r ih'Ut I'jn "f r.-jre- laraer than 500 .7\NG. and smaller than 100 
. ."Jl'O . . Fr 'jm 

N.suh'.-' :l^E;sC'rT't i'jn, the psd was determined tc- l:>e multimodal with 
nearly all ^ 

r-:'res l:'-"ween IOC- .AIIGt. anil 200 .ANG. in diameter and sc-me 
pores k'Objw 5 0 

.ANGt.. This di S'^repancy is mainly due to p^cre tdC'Cking or 
o L W'"- r k e f f e c ti s , 

whereby -lesC'rp't i ltl f : ^^m a p)ore in a netW'jrk is influence':! t^y the 
s:^t^:- --f :he 

ne i -.iihij':- r in ^ p:-roo. Nitrogen adsc-rp'tion p'r-^r^es the main 'i-hannel 
size a no '-iU r^^-- 

::'nsi:ierel free of p-cue bbjcking effects, wnile nitrL-gen 
'lescu'pi: i C'n sriovJS' a 

oi spuO'PL'r Li'jn.:it>-ly larg-H: amount of small p>"'res due tC' "b-jtt I.e 
ne -ks. " The psd 

""^'-^ t^^^^'ni mt'r^::ar'/ p-jrijs ime t r^' {intrusion) are also influenced 



: : r V ^ - V - ^- G ; ■ ^^'^ .AN''^. and ^lOO .ANG. m diameter dud a maximuir 
n-'ir ^'Jl' 

. OM"' . , in r o ?s:'n^d^i ^ ogr^ement with the p'Sd frc^m N.sub.2 
deS'^rot 1 ^jn . 

DEETu 

The pore-size distributions (psd's) after sintering are shov/n in 
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FIG. 19. All 

sarTifles exhibited multimodal psd*s with pore diameters ranging 
between 100 

.ANC-;. and 450 .AInIG.. The sample synthesizeii at pH 1.2 containeii 
sr^me h(j llciw 

particles tiut its psd seemed qualitatively similar to thC'Se ot 
s amp' 1 e s 

synthesized at higher pH (non-hollow particles). This is t>ecause 
N.sub.2 

adsc-rptic'n only probes the pores within the ZrO.sub.2 shells and 
nc't the large 

vc'ids they encomp)ass. Surface areas and porosities 
{ .ep'Silon. . sub . part icle ) 

frr these samples are listed in Table 3. Note that there is 
qua 1 i t.a t i ve 

acfreement with FIG. I2E, but quantitative agreement is nc^t 
exp'e'i'ted since 

C'l-ndensing N.3ub.2 cannot be used to distinguish between hollow 
C'l-res and 

interstitial v^i'lume between aggregates. The N.sub.2 psd's show 
tnat the higher 

:ne p)H, the greater contribution of small pores to the t'Otal 
pi-j rC'Sity . 

CG OF.: 
210/198.2 
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DOCUMENT- IDENTIFIER: US 5522994 A 

TITLE: Single coluirin chro]T.at'jgraph i r. determination of small 
mC'lecules m 

mixtures with large molecules 



CCXR: 
210/198.2 

ORPL : 

Little, "Sequential Multimodal Elution for Pseudomul t idimensional 
Li qu id 

Chromatography on a Single C'jlumn, " Anal. Chemi., 63 (1991) pp. 
33-34 . 
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DOCUMENT-IDENTIFIER: US 5431807 A 

TITLE: Multimodal chromatographic separation media and process 
for using same 

TTL: 

Multimodal chromatographic separation media and process for using 
same 

ABPL; 

A process for carrying out in a consecutive fashion different 

m-jdes of 

chrc'matijgraphi c sep'aration in a liquid chromLatography (::olumn 
using a single 

separati'jn medium is disclosed. Separation media for use in such 
multimodal 

separations are alsc- disclosed. 
B3PR: 

may be p'issible to use combinations of different separation 
m-'dia in 

different l.um.ns for multimodal separations. An example of this 
mult ipl e 

C'jlumn bimodal separation was described recently by Wheatley J. 
B . , J . 

Chromat'i'gr . , ^^03 (1992) 273. The bimodal separation of small 
m'jlecules in one 

O'jlumn P'acked with one separation medium and based on sequential 
multimodal 

eluticTi was descrikied by Little E. L., Jeansonne M. S., Foley J. 
? . ; Arial 

Chem., 63, 1991, 33. They combined ion-exchange and reversed 
pliase 

chr'jmat'jgraphy for the separatiijn of a complex sample containing 
cwo grijupis ot 

^/jmp'juncls : cnarged and ncai-pulai . The use of two different 
graiients, i.e. a 

' " i i =inH a met lian'jl Gradient , resulted in the sep)aration 

of the ■"'haraed 



DOCUMENT-IDENTIFIER: US 5833861 A 
TIiLE: Perfusive chromatography 



DEPR: 

Broadly, 1n accordance with the invention, perfusion 
chromatography i s 

practiced by passing fluids at velocities above a threshold level 
through a 

specially designed matrix characterized by a geometry which is 
bimodal or 

multimodal with respect to its porosity. Perhaps the most 
fundament a 1 

observation relevant to the new procedure is that it is possible 
to avoid both 

the loss of capacity characteristic of convection bound systems 
and the high 

plate height and bandspreadi ng characteristics of diffusion bound 
systems . 

This can be accomplished by forcing chromatography fluids through 
a matrix 

havinq a set of larger pores, such as are defined by the 
intersticies among a 

bed of particles, and which determine pressure drops and fluid 
flow velocities 

through the bed. and a set of pores of smaller diameter, e.g., 
ani sotropi c 

throughpores . The smaller pores permeate the individual 
particles and serve to 

deliver chromatography fluids by convection to surface regions 
within the 

particle interactive with the solutes in the chromatography 
fluid. 

DEPR: 

lro\]\ tlie fufegoing description many of the basic engineering 
goals to be 

DHrciipri in tfip fabrication of matrix materials suitable for the 
I ) a ( 1 1 c e 0 1 

[u^r\n^^nn rTiromatoqrapfiy will be apparent to those skilled in the 

wfv^i^ nf^f^c]oc] to orartice perfusion ch roma Logr a phy is a mdliiA 
wh I Lh wi 1 1 not 

cru:.h lender p^es^'^^p havina a bimodal or preferably mu1 ti modal 
porr^ structure 

and as large a surface ar^ea per unit volume as possible. The 
first and second 

pore sets which give the materia! its bimodal flow properties 
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must have mean 

diameters relative to each other so as to permit convective flow 
through h^oth 

sets of prros at high V. sub. beds. The provision of subpc^res in 
the matrix is 

not required to conduct p^er fusion chromatography but is preferred 
because C'f 

the inherent increase in surface area per unit vcdume of matrix 

material such a 

C'jns truct ion provides . 

E>EPR: 

In c:jntrast to the PL 4,000 material, which, with respect to its 
"C'Oro 

structure, is multimodal , a more ideal perfusive particle might 
i-'jmp'r ise a 

P'lurality of sets of throughpc^res and subp^c-res of differing mean 
diameters. A 

bimodal piore size distribution can be achieved in such particle 
hy mixing equal 

rati'cs of particles having two discrete pore sizes or by 
eng i nee r i ri'~j th i s 

fL-.ature at the- po i ^^Tiieri zat i i')n stage. Ideally, mean diameter 
r 3 z i bet ween 

r nrC'Ugnp)':'re subseLo w^ould bo less than rh^ m^an diamet^ir 

rati-:- between the 

smallest throughp'O're sets and the subpc^ros w^r.uld k^e less than 10, 
and the mean 

:iiameter ratiO' between the first pore ^.et, i.e., the intersticies 
among the 

P'articles making up the matrix, and the largest throughpijr^' 
subset. W'C'Uld re 

less than 7 0, and p^referably less than 5Ci. A multimodal material 
might be 

P' r <~iOu.'-ed I'V agglc^merating 500 .ANG. picrc^ns tC' f'jrm ap^p-rc^x imately 
1 . mu . m 

clusters, which in turn are agglom.erated tC' fc^rm. 10 .mu.m 

gi e -J ci L e , wn i ch in 
turn m.ay ijo aagrecrated to f«jrm 100 .mu.m p^articles. In such a 
1 'jYi , r h"-- 1 



cMaita'Ce area. Oiifu-rive transpc^^rt wiLnm n'-.-r; p.. l-l.z v;: 
: c zo 1 7 h ^i '^- r.--. 

eX'Ceed a listance c-f 0.5 .mu.m or 5,000 .ANG.. inLeioL. 
aiiL'jU':) the 1 .mu.m. 

clusters making up' the 10 .mu.mi aggregates wcnild piermit 
ciinvective fl:w t:- feed 
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the diffusive pores. These would be on the order of 0.3 .mu.m in 
diameter . 

These throughpores , in turn would be fed by larger pores defined 
by 

intersticies among the 10 .mu.m particles making up the 100 .mu.m 
particles . 

These would have a mean diameter on the order of 35 .mu.m. 

CCXR: 
210/198.2 
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DOCITMENT-IDENTIFIER: US 5605623 A 
T ITLE : Per f usive chromatography 



DEPR: 

p.r^jadly, in accordance with the invention^ perfusion 
chr'jmat'i'graphy i s 

practiced by passing fluids at velocities above a threshold level 
thrC'Ugh a 

specially designed matrix characterized by a geometry which is 
t'iniC'dal or 

multimodal with respect tc- its porosity. Perhaps the most 
fundament a 1 

'jbservation relevant to the new prcicedure is that it is pC'Ssic^le 
t'l' avoid t'C'th 

the IC'Ss of capacity characteristic c-f cc-nvection t'Ound systertis 
and the high 

plate height and bandspreading characteristics of diffusion bC'Und 
sys terns . 

This c.an r^e acc^Cimp'tished tiy forcing chromatography fluids thr-jugh 
El m :i t r i >: 

roriviii'ji ri s-it :f l.^rg-T p(")res, such a^'. are defined t^y the 
i n t e r s t i c i e s amo n g a 

bO'i of particles, and which determine pressure drop'S and fluia 
f l.:-w ve 1 oci t i es 

thrC'Ugh tne oed, and a set of pc^res C'f smaller diameter, e.g., 
ani sotr-jpiic 

thrc'Ughpijres . The smaller pores piermeate the individual 
P'atticles and serve to 

d-E'liver chrc-ma t'jgraphy fluids by cc-nvectiiju to surface regions 
within the 

i:Eir:L.:-le intera::tive with the solutes in the chr«jmatC'arap)xhy 
fluid. 

I'E PR : 

ErciiL the f '?rea'-' ing (iescr ip't ion many cf the basi'"^^ enameering 

a.-als to be 

Ji-i.:^.'-.. f .1 o 1 1 '"^^ n^' matrix materials suitat^le for the 

■ ^ : *. ' . ■;r\rny ^-'"^1 i bp o.r::par -E-n t "o e skilled m ^he 

^ . Thus , 

'a:. a: IS nee'iT'i o.l _...-t :. p-^^^^^si"n chrr,rTia toqr aphy i i a marrix 
which will nc't 

crush un-ier pressure iLavxi.g bim'T-^'^tl r-r oreferably multimodal 
p^jr-E' I r -irt:ur.: 

and ai lar^e a surface area per unit vC'lum.e cio p-E-scihle. The 
first and secc-nd 

p-)re sets which give the material its k-imodal flow prc^p^erties 
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must have mean 

diameters relative to each other so as to permit convective flow 
through h'Oth 

sets of pc-res at high V. sub. beds. The prc^vision of subpores in 
the matrix is 

nijt required to conduirt perfusion chroma t'jgrap'hy but is preferred 
because of 

the inherent increase in surface area per unit volume C'f matrix 
material such a 
C'jnstruct ion provides . 

L'EFR: 

In contrast to the PL 4,000 material, which, with respect to its 
pore 

structure, is multimodal , a more ideal perfusive ^'article mdght 
c comprise a 

pdurality c>f sets of throughpores and subpores of differiu'^ mean 
diameters. A 

bimcMial p-ore size distribution can be achieved in such particle 
by mixing equal 

ra^iC'S of piarticles having twc) discrete pore sizes or t-y 
eng i nee r 1 ncr this 

fe-.tMre at tiie P'j lymerizat ion stage. Ideally, mean diameter 
" " i r^^r/ 1 w-'-'n 

nnr 'jughp^u-e subsets w^juld be less Liian 1 , th':: mc.:.n di E'r^-'+:':'^ 
rat. i'j between the 

smallest tnroughp'C' re sets and the subp-ores wculd be less than 20, 
ani the me^n 

diameter ratiC' iC'etween the first pore set, i.e., the iriterst icies 
amtnc( the 

P'arti.::les making UP the matrix, and the largest thrijughp ore 
sui'set W'julci t'O 

less tnan 7u, ana p-referably less than 50. A multimodal material 

P' r '„-du'^:^d by aggl imerat in'i .SOO ,ANG, piijrc'ns t'j fc-rm ap^p^r t^x im.ately 
1 . mu . m 

cluster-s, which in turn are agglomerated to fcirm 10 .mu.ru 
aggrpcfates , wnicn in 

:\:rn may t^e aggr-E^g^ited to ficrm iUO .mu.m particles. In such a 

1 ... .. 1^ V ~ 1 



surface area. Edffusive transpicat withm th--se p;cres ■ ; : ■ i 

r :i r e 1 n r< -z: L'„' 

ex't^^--i a distance of 0.5 .mu.m or b.OOO .ANG.. Inters ti-Jies 
amc'ng the 1 .mtu.m 

clusters making up the 10 .mu.m aggregates wC'Uld p'erm.it 
tun v-r; 0 i ve flt'W tt feed 



12/18/2001, EAST Version: 1.02.0008 




the diffusive pores. These would be on the order of 0.3 .mu.m in 
diameter . 

These throughpores , in turn would be fed by larger pores defined 
by 

mtersticies among the 10 .mu.m particles making up the 100 .mu.m 
p-art icles . 

These would have a mean diameter on the order of 35 .mu.m. 
CLPR: 

3. The chromatography system of claim 7 wherein the packed 
particles define a 

timodal or multimodal pore structure. 

CCOR: 
210/198.2 
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DOCTJMENT-IDENTIFIER: US 5552041 A 
TI TLE : Per f usive chnjmatC'Urap'hy 



EiEPR: 

Erc'-adly, in accordance with the invention, perfusion 
chr'jmatography is 

practiced by passing fluids at velocities above a threshold level 
thrc'Ugh a 

sp'ecially designed matrix characterized by a geometry which is 
t'lHi'i'dal or 

multimodal with respect to its porosity. Perhaps the most 
f undament al 

C't'servat i on relevant tC' the new prjCOfiure is that it is p^C'Ssible 
tC' avr-id t'Oth 

the loss of tr,apacity characteristic c-f cc^nvection kiound systems 
and the high 

pdate height and bandspreading characteristics of diffusi':n t^jund 
systems . 

I'his can he acC'i'mpd ished t'y forcing chromat'jgraphy fluids thr-jugh 
a matrix 

:.:.o:n^ - '--^ r^i laraer p^res, such as are defined by the 
i t. e r 3 1 i c i e s anbj n g a 

hod o>L particles, and which (ietermine p^ressure drops and fluici 
t low vebj':;i ties 

tnr-'jugh the bed, and a set C'f pc^res C'f smaller diameter, e.g., 
ar:isotr<:>pdc 

t hr^'ugnf c^res . The smaller pores permeate the individual 
P'art i'::b:'3 and serve tC' 

deliv^jr cnrijma t^jgraphy fluids by C'jnvection to surface regicins 
w,i thin t ne 

r-ar^i.::bE' interactive with the scdutes in the chroma tc^grap^ny 
t i u 1 d . 

r)^PR: 

Frjm "h^ fLU^eU'DLng des^::r ip)t i^.-n ihaTiy ot the ba=;io engmeerincf 

:r.:.als to oo 

: ^ \r ^ f - . ^ r -, r,r^ ,,f matrix materials s-:itabLe for the 

^ ' ■ . . o: ■ ^ :j r >> w 11 t-c a;^>) a !i -r ru t th --e sl'i 1 Ir-d i:. thp 
art. rhu:: , 

v::::i^ p r " ' n-''rfusion en r^'.^ma t.'jgr aphy is ^ matrix 

vjhi sh will ul. t 

cru.-h unlet ru -^^.i^'^i -z? uaving a t'iTTio,i,=i 1 :.r Preferably multimodal 

r-aro t r u s t.u ^ 

and as larae a surface area p'^r unit v:lume r.^assible'. ^'^~\^ 
first and sea-and 

p(u;e sets 'whicri give the m.ateria] its t'lmc-dal il^aw prop^orties 
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must have mean 

diameters relative to each other so as to permit convective flow 
through both 

sets of p^ores at high V. sub. beds. The provision of subp^jres in 
the matrix is 

n<jt required to i^onduct perfusion chromatc-graphy but is jiireferred 
t-e cause ijf 

the inherent increase in surface area per unit volume of matrix 

material such a 

C'jnst ruct ion provides . 

r>EPF' : 

In ccTitrast to the PL 4,000 material, which, with respect to its 
F e 

struo'ture, is multimodal, a mc^re ideal p-erfusive p'ai'ti'rie might 
C'jmr-rise a 

plurality of sets of thr<jughpiores and subpores of differing mean 
diameters. A 

bimnjclal pore size distr itiut ion can be achieved in such p'article 
ty mixing equal 

latics C'f p'articies having two discrete pore sizes c-r tiy 
-^'ngineer ino' thi s 

f-?5;ture the pcd. ymier i zation stage. Ideally, mioan diani^r'ter 
r at i'j c-e: we^n 

tht'jughpcre subsets would kie less than itj, tne meaii diam?t-:'r 
rat i o bet ween th^e 

smallest throughp'i' re sets and the subp-c-res wc»uld t^e less than 20, 
ana the mean 

diameter rati'j between the first p-jre set, i.e., tne mtersticies 
amc-ng the 

P'arti<::les making up> the matrix, and the largest throughp^jre 
sut'Se t u 1 :1 be 

less than 70, an'ii pref"erably less than 00. A multimodal material 

P' r :■ :iU'::e':l r-y agLfl'i'iTLerat mg 500 .AInG. p^C'tons l.o fc^im app-r jx imiutely 
1 . mu . m 

-i'-i.^SlCIo, v.'hi ?h ir^ turn are agg Ic-merat ed to fc^rm 10 .mu.m 
a':igregates, which in 

- \- rr. acfLjrega ted t-j fc>rm 100 .mu.m p>articles. In su^:h a 
■i-sicin, : ± 

.-I 1 er wo ]..^vo : n^erst i p?: 'I't a me.iu o . ^■^■^rr.e t : ,t ' O- 

^^cnir■^'-: . AMu . . Ttese would aoLin- t. ... o \ : : 0 

v e I _y' n 1 gi i. 

oo'::-j.::'^ ^-^r.--.^. Diffusive transport within th-se poo^i'S v;;:::: : 
r-:it:^:'ly have tj 

oxz-o'A a riist^nc^^ .^f 0.5 .mu.m or 5,000 .ANG.. Interst i ::ies 
anijng the 1 .mu.m. 

clusters makmcT up the 10 .m.u.m aggregates would p^ermit 

scjnvo'jt 1 ve flov/ t d feod 
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the diffusive pores. These would be on the order of 0.3 .mu.m in 
diameter . 

These throughpores , in turn would be fed by larger pores defined 
by 

intersticies among the 10 .mu.m particles making up the 100 .mu.m 
particles . 

These would have a mean diameter on the order of 35 .mu.m. 

CCOR: 
210/198 .2 
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DOCUMENT- IDENTIFIER: US 554 08 3 4 A 

TITLE: Synthesio of pc'rous inorganic particles by 

Pm;. 1 ymer i zat i on- induced 

CO I IC'id aggregat i'jn ( DIir.A) 



riEF-F'.: 

The specific surface area and porosity of the sintered particles 
measureil t^y 

nilrc'gen adsorption were 13 m.sup.2 /g and 29%, respectively, 
whiL'h are in 

reasc'natile agreement with close-f^acked, dense Zr0.sut'.2 sp-heres 
w i th nL-nun i f 'i-rm 

par:, icle size. Th^; p : re size distr ibutic^ns (psd) obtaineo by 
n i t rc'gen 

aasijrpt iijn anil desorpti'^n, and mercury p'OrC'Sime try (intrusicai) 
are displayed in 

ETi:^S. 4A, 43 and FIG. 5, respectively, Frc-m N.3ub.2 adsctrption, 
the p'S'd was 

i-^ermm'^d to Yjo rather narrow with a maximum near 400 .ANG. and 
a siui 1 1 

:; : nr. r ii ut i 'jU -^^t p^jres larger than 500 .AiNG. and smaller tnan 100 
. M'.o . . b'r 'jm 

N.sur'.j desorp>t i ijn, the p>sd was determined to be multimodal with 
nearly all 

p-.'Les l:-elween IOC' .ANG^. and 200 .T^IJG. in diameter and some 
p:res l^elow 50 

.>JI'li.. This d i S(::repancy is mainly due to p^i^re blocking or 
netw'irk effects, 

wr.-^rej'jy des':'rp't i l'Ti fr-^m a piore in a netwc'rk is influenced t'y the 
s:..:.Le :-f One 

ne : 'ifhi:' ing pjr es. h^itrc-gen adscirpt i'^n pr^i-bes the main c:hannel 
s i :' ^ a rio o i:n c-e 

Z'jr.s 1 d-red free oT pi'^re t-lz'sking effects, while nitri^geii 
zies'^rp' t 1 ori shc^ ws a 

J L pi L t:M_. I L. i n 5; : -e' 1. y larC'E: amcamt of small p^'^res due to "b'jttle 
nc 'ks . " Tne psd 

■"■r»f^irL-o f r Ah mercurv pi ji cjs ime t ry (mtrusir'n) are alsi:) influenced 

1 ^ ' I! ' r ■ " r-t 
■ — ' tf'v J. 

v : ^c. ^ h.' ly"^ .ANG. an^i 300 .ANG. an diameter an-1 a judXimum 

./li:*., 1" c-.-iroi-) ! p aareement with the piS'd from. N.sub,2 
:ie:-'. Ji p)t I'jii . 

DEPP: 

The p'ore-siZ'^ -iistr ibiitic-ns (psd's) aftei sintering arc shz'wn in 
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FIG. 19. All 

samples exhitdted multimodal psd's with pore diameters ranging 
between 100 

..^G. and 4S0 .AI^jG.. The sample synthesized at pH 1.2 contained 
sc'me hc'l 1 ovj 

parcicles kiut its p-sd seemed qualitatively similar to these of 
s amp 1 e s 

synthesized at higher pH (non-hollow particles). This is because 
N . sut' . 2 

ads'jrption only prc'bes the pores within the ZrO.sub.2 shells and 
n-: t the lai ge 

v<:>ids they encc^mpass. Surface areas and pc^rosities 
( .epsilC'n. . suio . par tide ) 

i'-:-r these samrdes are listed in Table 3. N-jte that there is 
':{ual i tat ive 

aireement witn FdG. 12E, but quantitative agreement is n:'t 
exp-ec ted s in re 

C'jndensing N,suti.2 cannot be used to distinguish tietween hc'llow 
C'jres and 

interstitial vc.lume between aggregates. The N.sub.2 psd's show 
that the higher 

tne pU, zhe greater cc^nt r ibut i on of small piores to the t-jtal 
p :'ri'isity , 

C'::C>R: 
210/198.2 
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DOCUMENT-IDENTIFIER: US 5522994 A 

TITLE: Single column chroiud tographic determination of small 
mriecules in 

mixtures with large mcdecules 



CCXR: 
210/198.2 

(JR?I. : 

Little, "Sequential Multimodal Elution for Pseudomultidimensional 
Liquid 

C-hrcimatography C)n a Single Column," Anal. Chem., 63 (1 991) pp. 
33-34. 
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DC'CUMENT- IDENTIFIER: US 54 318 07 A 

TITLE: Multimodal chi oruatographic separatir-n media and process 
fc-r using same 



TTL: 

Multimodal chromatographic sep-aration media and process for using 
same 

ABPL: 

A r-rijcess for carrying out m a Cfjnsecutive fashic-Ti diff^irent 
niL'd^'S i:if 

ch rC'ma^C' graph Lc sep^arat i on in a 1 1 quiil chrcima tcigr ac-hy co iumn 
using d siri'iile 

se]:'ara*:iijn n:e':lium is -ii s^rloseii . Separatic-n media for use m such 
multimodal 

sep'ara": i c-ns are also disclc'sed. 
ESE'R: 

It lu^y ij- ricssifciie t.o us^ C(jmh inat i c^ns of different separatiion 
i a i 

^'O^r-^'::':-^^ Cf-d. jjay.s i'^'r multimodal ser* ^ ra t I'jr.s . An exampde ot this 
niul 1 ip\ e 

codumn kiimc^'i'il senaiati'jn was described recrrrntly by Whoatley J. 
B . , .J . 

C'hr ii'mat'jgr . , 602 {l'-"-^91) .?7:"-u Tne riim^jdal separati-iT: of sm^ll 
m'idecules in 'jne 

'::dumn piacke^l with one sepjaraticci medium an<:i based on se'ifjential 
mul timodal 

elutiijn was -lesci ibed k^y Little E. Ij . , Jeanscinne M. 3., Ecdey J. 
I' . ; Ai'ia 1 

Cr.':m,, 6 ?\ h=^'=^l, :.3. They comt^ined i'jn-exchange and I'everseo 
pn a se 

'Thr ^:ma':i"jcfrar'hy f"or^ th-:' sepsaraT: icc: of a cc-mpdex samrde 'iC'nta inmg 
^'■ajo gi'jupis f 

:-:^,:T.rM-.unds : charged an^i nc^n-piij i ai . Trie u^.^; of two di f fer^^-nt 

0 r: -.d 1 encs , i . . a 

■ ' ' " ^ ^ ..d -c : \ ■ . i ' V, - V- 1 rf K- i T , r e s u 1 t, o d i. n t he o eo -:t a c i o n 

:d : . ^ , , ,,,, t ^.*^r.a rat nan :■ f an-.' r--a.r-r^.: 
:to. 1 aul e- a 1 1 - r 

a i ■ ::Oi-_- ■. , a n: r^^.*:^^. This ^r'r)rn.:^-h makr^s use of 

1 mp)e r f e a t 

.ruilac'i' I unca 1 ..ULcii. _L n t ± f p:a;ro:us sid^'"^ r)^='afis whi ah a^jntained 

C.sut'.-: or n. sub. 18 groups together with ttiC c^rigmai aLihi : 
3 u r f a c o s i 1 a n o 1 

amups. Similarly, tii^r hlC^NEX Omnil^ack PAh-500 calumn is paaked 
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with 

rjjn-f'Cirous poly [ styrene-divinylbenzene ] beads coated on the bead 
surface with 

attached ic'ii-exchange latex particles (as described by the DKjNEX 
bC'Oklet) . 

Here again, the cc>ating of the bead suzface is imperfect and it 
is the 

nijn-covered hydrophobic areas of the original non-p^orijus tieads 
that are used 

fijr separati'jn in the second mc'de. This approach excludes 
C'lmk' i na t i c^ns ncj t 

invcdving the reversed phase mc'de (the original 3T-DVB surface 
remains 

n'.'ii-p-ji ^z'Ven afT,er attachment i:'f latex particles) as well as 
any s i ze 

exclus i'jn :5'e}:'arat. i.on , 

This multimodal separati'i-n process is able to achieve separation 
in a single 

C'jlumn in a consecutive 'jperation because of the prciperties ctf 
tne sep'ara: i ^^n 

meciium. The se]:).rir at i on medium generally ccaTipjrises a tMjrijUS 
Rl at e i: 1 '^l wni rh has 

lieen jjrecrear.e'i sc- tnat nas ^t Icdst tW'.^ d i f f -z L:"[t tyr-^s r 
s".:rf 5t :'e grc^up'S 

whii'h have different functionalities. These different, surface; 
c\ r':'Uir'S are 

aisp>c:f,el in ai f f ^e- rent size rancre pores within the pi'jrc us 
marerial. f'^jre size 

as used herein can mean a single measured average size, fctr 
e >: -jmp 1 e , 2 ^ nm , bu t 

ir[ npist '::.i::es it means a particuhar range -r-f sizes, f'jr ^E!xamp:ile, 
:-:'-5'0L' nm. An 

exam^'le 'jt -C'^'ri a poic-us niateriai of tri-' fuesent in\'enti';n is one 
wn : re i n the r e 

ar-'^' hydr-C'pni 1 ic surface group^s in pores having a size of frcim^ 
aoiL'Ut Z'-zii nn. dUdi 

hydrcph-jij 1 surface groups in pities ranging in a size of from 
Arj ci-^.T-v exaiTiCU.e i a rndt^rii^ij ,.a'va/ig ny....ii ... ^ ^ ..n ! :. : :■ 



too oilf-'ieni r un^i't I'jnal 1 tie^ 'ji tne surta:'e jrsups, 

artmiti'-s t.^i' sucn different surf'a::e gr^Eiup^s may t)e sep-^^iateci 
dur 1 ng di 1 f --i ent 

m-jdes of sep'ar at i-an, which may he carried jut in a cc-nsecutive 
f a s h i ''^n . As 
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used herein, different molecules means molecules of different 
sizes, different 

chtE^mical affinities , di f f erent structures, composi t ic-ns , 
p-C' lar ities, 

CTii rail ties, activities , etc . 
L'P.r'R : 

The key in selectin<j a mobile phase for a multimodal separation 
is the 

consecutive use C'f mobile phases, in each individual mc^de, that 
do nc-t 

interfere with the absorption of compounds to be separated in any 
r f the 

subsequent modes. C'therwise, the separation wi i i nc't he 
multimodal and one 

crrL'Ui' C'f Ci^'mp^iunds will leave the cc-lumn withC'Ut any seriaration, 
as d'jcumen tC'i 

in Exampd e 5 and FIG. 7. Under this assump'ti'i-n, even a mobil^E; 
phase foi 

trim^'dal separatic^n is easily designed tiy a person skilled in the 
ar t ■:■ f 1 i quid 
.:-hr jma tc-j rat'hy . 

ir.eactic^n ocneiu-^^. 1-4 n-jL ■j.ily aecciibc the partisul^.!' r'--^- 
re a st. ic-ns leadinci 

t-: multimodal sep-arati^in media but chey also show the cc-nsepts of 
n.akinq such 

m.e'ii in qen^'ral. The startinq p'olymer must t^e por^'us wiLh 
r e 1 at. ive .1 y br-iaa 

p-jre size cist r it'Ut ic^n and possess reactive grc'upis on the surface 
■jf the pores. 

Ty]ii:-ally, the p-: re-size selectivity jf the mc^di f icatiiT: 
re a.::t ii-ns are 

-~ ''o:.i .) 1 b:-;: C'V t.ne mi^ 1 e-::ul ar- wei.gnt 'jf the i-at^lyst or r^iagent 
..sod in "h^ 

p-atticular m'j':iifyinq reaction and by the scdvent. I'he numoer of 

ac r-anLm'T'Oa t^ad rn a sepiar'a t ic-n medium is the'iret i cal 1 y not lim.ited 
;y_it 

: - c^ . :. I o..... ^ , ^ ^ 1 . ^ I ' ' mul timodal r - • 

tn^^ fiath. Tne pi.aducit of a qiven i --a ^- 1 i r.n aire it ma pcL-as c ^ 

.-:i-auld r.'jt af^tect. the 'Efraupis already t'Uilt upi m the previous 
r e^ J L 1 ..i. s t efj 

within pi'jres of a different size. 



12/18/2001, EAST Version: 1.02.0008 



DRE'R: 

The multimodal separation process of the present invention may 
even use very 

tiny difterences between the separation modes as is the case with 
reversed 

P'hase and hydrophc-bic interaction chromatography. The separation 
medium can be 

prepared t-y a set of reactions shown in Reaction Scheme 5. 
CLPR: 

1. A multimodal separation medium for use in liquid 
h r oma t o g r aph y comp rising 

a p-:'rou3 sep-arati-jn medium having at least tw(j different p'Or-e 
5 ] 7.^ rari'jes with 

eacn pc-re size rancfe containing a different surface groupf having 
a ci f f erent 

funct iijnal ity cc^mpared to the surface groups in the other p^jre 
size range, said 

p-jr'i'Us sepiarac i'lTi medium being cap'abie of separating molecules in 
a s amp 1 e 

a^lde'il to a chroma tctgraphy column containing said separatic-n 
m^' :i i um dur i ng 

different mcwiies of separation which are carried c^ut in a 
using a single sepiaration medium. 
'rLE'P. : 

2. A multimodal sepiaration medium for use in chrcima togr ap'hy 
■ivjmp'r is mg a 

pc'i'ius sep'Siration medium having at least two ranges C'f pore size, 
wi L.n each 

range of P'ore sizes having surface grciups of a chemical 
C'jmp-jsit icin di f f erenc 

from that C'f other pi'Dre size ranges. 
210/198.2 

It' \i':r " i - 1 Mu 1 tlmodal ^^.lut u^n for Pseudijmultidimensiona j 

t: o t'.* ' " Sm'?''^"'^ r ^^nn^ , " Anal . '^'liieni . , l3 ilf^^M; pp. 
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DO(:tJMENT-IDENTIFIER: us 5384042 A 
T I TLE : Per tusivc chrorp.atoqraphy 



BrC'-adly, in accordance with the invention, perfusic-n 
chi r.matC'graphy i s 

practiced k^y p>assing fluids at velocities above a threshold level 
thrC'Ugh a 

specially designed matrix characterized by a geometry which is 
iMniC'dal C'r 

multimodal with i^esjDect zo its rtorc^sity. Perhaps the most 
fun dame n t a 1 

C'kcserva t iC'U relevant zo the new pirocedure is that i t is p-L^ssir-le 
to avoid t'ljth 

the IC'SS C'f capacity characteristic of cc-nvectiC'n t^ound systems 
an^i the hi gh 

P'late height and t^andspireading characteristics C'f diffusi'i^n h^'jund 
sys tems . 

Tnis r^ari t^e a :'-?.'jmpd i shed by forcing L'hromatc^grap'hy fluids thiC'Ugh 
a mn tr ix 



V 



s^i't '~'f larger p^jres, such as ar^E' defined by the 



1 ri \ erst ic: i --s auMCig .:i 

I'el 'jf particles, and which determine pressure drop-s and fluid 
f 1 jw vel'jci t ies 

thr'i'Ugh th^' ijed, and a set of p^'jres of smaller ciiameter, e.g., 
ani S'jt rc'pic 

turc-ughp'Or es . The smaller p-jres permeate the individual 
p-articles and serve Zo 

■::e 1 iver ■I'.hrii-mar.'jgi apihy fluids t-y cc^nvect i c^n tci surface regions 
w L t. Ti. in t n ^E" 

p-article intera-E.:tive with the sc'lutes in the chr o-matC'gr ap'hy 
f]..iu. 

[lEE'r: : 

E"i .in ih- fijicEfiung decor ip.t i in many '^-f th^- nasir- engineerincr 
iijili ^'E' b-' 

oMrsueii m the i alu i E:at i lo. if matrix mat*='rials "-uitable for the 
r-r Ei ic-z- i 

1-1^ t ..1 1 o;-. "i\ riuiLE; tour- Eton y' >u i i O- ar-OM^Ei.:. ■ :h-.-f :^}iil:^-d v 



nr^'"t ic- p^rfusii-'U c:"ii 'jma t jarat-h 



11 -JL ma 11 rx 



E' 1 J E m^.--'^- pi r-^ - ^.-1 1 r-' havina 5i bimodal r pireferably multimodal 
C'i)CX' s trU'E:tur 'E' 



anu 11 ±arie E: .:^uriE.i'E: arE;a oei unit V'.viuiTit- ns i.>- 



1 irst and s^;'iond 

r-ire sets which give the material its hdmodal iI'E'W properties 
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must have mean 

diameters relative to each other so as to permit convective fliow 
through k'C.th 

s^'ts of P'jres at high V . sut' . beiis . The provision of subpc-res iii 
the matrix is 

noz required tc) cc-nduct perfusion chromLatC'grap'hy k'Ut is rr^^ferred 
because of 

the inherent increase in surface area per unit volume c-f matrix 

material such a 

C'i'ns truct ic^n provi des , 

I>E?R: 

In C'^ntrast tC' the PL 4,CiOO material, which, with resp'ect tC) its 
pore 

structure, is multimodal , a mc^re i'ieal fior fusive p'^rticle mi^ih^ 
r^:^:n:X'r ise a 

plurality of sets of thrC'Ughp'jres arA subp'Ores of differing me^n 
diameters, A 

bimc'dal pore size dist ritiut ion can he achieved in such parti'::le 
h'/ mixiri':[ equal 

rati'i'S C'f piarti.cles having tw^j discrete pore sizes or k^y 
en'ii nee ring thi. s 



f 



Lhe p'Ol ymer izat i r)n stage. Ideally, mean diam*e-tei 



rat 1 o r-et w^e;en 

in: L'.^ :i:.k"..u :r,.„.Oc.ets w.^)_:ld bz: l^.s than Iv, t":.- m-^--^. o'^^^-^^^^r 
i:..:iti'j k'etween the 

smallest throughpC're sets and the subpc-res Wii^uld bj loss than 20, 
ani t he me an 

diameter ra^i'j kietween the first pcire set, i.e., the intersticies 
amtng the 

^'articles making up the matrix, and the largest thrijughp'tre 
suijset, wc^uld kie 

l-'SS ^han Tt, and preferably less than jO. A multimodal material 
ndght be 

r T'OiiucOiii r^y a-:rg^ 1 c me r at ing "i-OO .."J\T(j. pxjrrTiS tc fcrm ap'pr'jxim.ately 
1 . mu . m 

clusters, wnicln in turn are agglomerated t.o f c rmi Ic .mu.m 
t._.::; ma'y k^e aagreg'ited to fjrm 100 .mu.m particles. In suth a 



c-,.Li.^o.o :ir^ct. I'iiluoive transprr^ witoiin tn-:-oe [y- r --^^ .i 2 . 

r r r. I y >. ^ t'^' 

e>:-::oe:l a ::istanse of 0.5 .mu.m or 0, O'^iO .AUG.. Intersticies 
t^n 1 . ttci . ni 

clusters making up the 10 .mu.m aggregates would p'-rmit 
ccnvettive tltw t'l feed 
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the diffusive pores. These would be on the order of 0.3 .mu.m in 
diameter . 

These thrc'ughpores, in turn would be fed by larger p^ores defined 
t ■ V 

mtersticies amc>ng the 10 .mu.m particles making up the 100 .mu.m 
f/art i cles . 

^I'hese would have a mean diameter on the order of 35 .mu.m. 
i":LFR: 

^2. A matrix fc^r cc'nductimj high efficiency adsorpticTi 

]\ r C'ma t g r ap-h y of 
L'iij logical m.olecules, the matrix comprising a packed bed of 
r igid, pC'lys r,yrene 

■iiviny Ik'^rnzt'ne p-articles having a mean diameter between 10 and 20 
:\icr: meter s , 

vie fining a i:d.mc-dal c-r multimodal x.-ore structure ana cc^mprising 
■ :\hemi ca 1 1 y 

active regions linked to the surface of the particles fc-r 
re vers ibl y sortdng 

I'l'i'logical mcilecules, said matrix being characterized in that 



i-i ji'aok^d hod of rigid particles cc^mprismg an m^jraanic material^ 
*' h'l' r ' 51 r t i 1 e s 

:Living a me^n caameter wiLhin Lhe i<:inge 20 ::;i r :m-? t ^: r s ^ 
mi :'r':met*E'rs 

:in:i lefining a tiim^jdal or multimodal p'jre structur't', one set of 
p :■ r es lie ing 

p-article t: ransec t incf throughpores having a mean diameter Lireacer 
than at least 

40'j(i .ANOi., ari'jther set of pores being subpxjres in fluid 
■■• I'lruTLunicat iCTi wi th t he 

mr :'UgnpC'r'^'S , ■ar.d, dispiC'Sed within at least said subpi'jres, 
r ea :: t. ive gr '^up'S 

■:-:c:;p' r 1 s i n 7 '"iri-- ■'■f anionic: sultc^nate grjups, catic-nic quat-crnary 
■ i hliTi * 1 i am 

''^^'lovs, immunijgl obu 1 Ines , or hydrC'Carbons , the ratic- f the means 
am- te r o l 

t ne ^'articles tC' Zhe mean diameter c^f a thr C'Ut^hp'j res p^assing 
p^aticie cteiTig :.utraci.enL pjeiiuiL |J■.•nv^:c;..^ v^: :,:^..^p..:: . 



s ep'a r 1 1 'jI; so tr.aC/ at liuw rdtt^s jreatei ti"i':in 1 'o:, \o^- 

riobjgic:aI m'jle'::ule transport in::':' the throughoo r^es \s :iep)end^z^n t 
vel'j::ity cif liquid passing thrciugh the l)ed, and sjrp-ti'jn zapjacity 
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substantially constant over a range of flowrates. 

CCOR: 
210/198 .2 
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DOCUMENT- IDENTIFIER: US 5316680 A 

TITLE: Multimodal chrr>matographic separatic^n media and ]:'rocess 
I; CI usinq same 



TTL: 

Mul txmodal chromatC'graphic separation media and process for using 
£ am.e 

ABPL: 

A ]: recess for carrying C'Ut in a consecutive fashion different 
mc'dec c f 

-rn rcmiat.ograp'h separat i c^n in a liquiil chrc>matograjL'hy iccdumn 
using a single 

separatic'n medium is disclcised. Separation media fc-r use in such 
multimodal 

separatic'ns are also disclosed. 
PS t'R : 

It ni-y ti^' p-css ltd e to use comljinat ions of different sep^aiation 
Hieaia iii 

ui 1 i c-o.t. .c:l.:mns ^fcr multimodal separat i cins . An examtd - of this 
:uu 1 1 i pd e 

ccdumn tiimc'dal sepaiatic^n was described recently by WhoEitley J. 

— ' • / - • 

Chrc'macc'gr . , 603 (1992) 273. The t)imodal separaticT. of sm.a L I 
TLbj 1 ecu Les in c-ne 

ccdumn packeid with one sepiaration medium anci based c^n sequential 
mul timodal 

eh.:"i!*'n was <:iescr\ibed by Dittle E. L., Jeansonne K. 3,, Foley J. 
E . ; Ari h 1 

vhc-cm., €1, ]9'-''l, ?S. They C':>mbined ic>n-exchange and reversed 
r-h ase 

c-hr cmaC'i-irrapihy ficr tne separat icci c^f a cc^m.plex saiTirile cc-ntaining 

c inp-i'Un'is : ::har-ged and non-r)Cdar . ine use >_'f twc :li f f ■: r^E-n"^ 
" r a ^i 1 er. t c , i.e. a 

l:. j I. . --ni r; 'd I 0 ! " ^ 1 -^^ n ^ . ^*^suI^t'G Lu the sep^iration 

_ I ' . "c. a L .1 c ; 

■ h " " ^ ^ r V " "^o ^^-'T--'^ r ^ t i r.rj I zr.c n-.M.o.. v - i 

^r''. I -cu 1 -^s a tter 

cw^:cn::";4 t. .; c:.-' a.^.l iu..>.^... ^ ^r^r r ^ '"h mak-^'S use ot 

i nioer f ct 

surfar^:' t un cr ional i zat i.'Cn ci i '^.-^o silica b^-'^^ v^rdtdi ccTitained 
■: . suh' . 1 , 

cdsut'.o .ar d.suti.lB groups together with the C'ricimal acidi<- 
surface si Ictual 

arcup:s. Similarly, the LdONEX UmniPack FA:\-5i)C) .ciclumn is p'acked 
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with 

ncn-porijus pc-ly [ styrene-divinylbenzene ] beads coated on the bead 
surface with 

attairhed ion-exchange latex particles (as describ^-d by the DIC'NEX 
tooklet) . 

Here again, the coating of the bead surface is inip>erfect and it 
IS the 

nc'n-covered hydrophobic areas '^f the original non-pi^rous treads 
that are used 

fi:>r separati'jn in the second mode. This approach excludes 
c ':.>mb i n a t i C' n s n C' t 

involving the reversed phase mc-de (the original ST-E)VB surface 
I emains 

n^jn-c-i'lar even after attachment of latex particles) as well as 
any s i ze 

exclus icin separat ion . 
Bi'.E'R: 

Tills multimodal separation process is able to achieve separation 
ill a single 

c^dumn in ^ 'ronsecutive c-peration t-ecause of the prc'perties of 
r ii- ser-ai at i':^n 

melium. The separat icin medium generally C'^miprises a r^jr^'US 
iu-ii : r i.:. 1 v.;h i ?t. na 

tioen pretreated so that it has at least tvjo aifL-ie/.L. tyi^^c :t 
sur- f a'::e gr^jups 

which have -iifferent functionalities. These different surface 
gr^jut'S are 

dispj'j'Sed in aifferent size range pi'jres within tne pc)r^':'Us 
mat:erial. E'c^re size 

iS used herein can mean a single measured average size, for 
examp'le, 2 b nm, hut 

ir. m'i'St cases it means a p-articular range of sizes, f^r-r exampjie, 
i' - ■ nm . An 

exampile of such a P'0r^:ius material -jf the r-resent invention is one 
wherein there 

are hydrijphilic sui^face groups in pores having a size of from 
aljjut nm ano 

r.y^:ir<:'ph^)i:d ■:' sur"fa^:'e grc-ups in r-c-res ranging in a size ■: f fr'~m 

A:. -■ximpA' is a i^iaA^^rual navma nyLir !.'piii ^. ^ gr.^p^ ... . 

;r. ize and h y'^ii L)[.)nr:i'ii c group'S - ^ _ - \ ' 

tne difff='rer,t f un<::t lonali ties ot the sui f dce jroup.s, "^o : ... . 
ZTiat. iiav^:^ 

■^iLinities to su^^^: different sui'face gr^jups may be s^'p»arated 
iur ing di f f ^E-rent 

niM.ies of sep;arat i-jn ^ v;hich may be carried out in a cctnsecutive 
fashion. As 
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used herein, different molecules means molecules of different 
sizes / di f f erent 

chemical affinities, different structures, composi tic^ns, 
fHi. 1 ar It les , 

i-^hira lities, activities, etc. 
r>EFR : 

The key in selecting a mobile phase for a multimodal sep^aration 
is the 

C'jnsecutive use of mobile phases, in each individual moae, that 
d'j not 

interfere with the absorption of compounds to t-e separated m any 
c-f the 

sui" sequent mu'des. C'therwise, the separatic-n will net be 
multimodal and one 

'ifr'^uc' of CfjmrMjunds will leave the cclum.n withc-ut any sep^aration, 
as dc-rument eo 

in Example 6 and FIG. 7. Under this assumptic^n, even a moh'ile 
phase for 

trimc'dal separation is easily designed by a person skilled in the 
arr f liquid 
:"hr L :iia t 'jiifraphy , 



P.eact.i'jn Schemes 1-4 nc't only 'lescrib- Lne i ticul.:.: ^^-^rs 
1 ei'i't i'jns 1 eadi ng 

t multimodal ser-arat ic-n media but they also show tne cjncepts of 
il l a k 1 g s u c n 

nie^dia in general. The startling polymer must t^e porC'US with 
r ol it ively br^jad 

r^^re size di s t r i t'Ut i cti and p'jssess reactive groups on the surface 
■:'f Lhe pC'res. 

Typically f :.he p^jre-size selectivity L'f the mc'dif icatictn 
r ? t i '"'ns a re 

^■^■nCiCi 1 1 ed t'-y the m.cde'r :lar weignt 'jf tne -r-atal^'st or roogent 
■^coo in the 

r^arcicular nii'di lying reacti'jn and by the s jlvent. The num±'er of 
modes 

?;C.:''jnL:Ti':cia ted in a ser-ara t i.'jn meiiium is the^i-ret i'sal 1 y ni^:, limited 
:'c "i 1. :'a 1 I y -^/i i i rar^r-ly eX'::eea onre^-. Tne ^::.p _ r z :.. ^ o: " \o 

i -ri ^ot i.-:_'LL srracojv lol « m. ^^^r^ ; .^aZ^.„... o^ ^ multimodal :■ : o 



"he path. The piroduct of a given reaction dilectziij j;,.roz :.i 

^="n'^\:ld r.(-'t -it feet the ar:'Ups already l-uilt upi in the p)revious 
react i ">n s tepi 

within p'ores of a (different size. 
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DEPR: 

The multimodal separation process of the present invention may 
even use very 

tiny differences kietween the separation modes as is the case with 
reversed 

phase and hydrophofciic interaction chromatography. Tlie separation 
medium can be 

prepared by a set of reactions shown in Reaction Scheme 5. 

CCXR: 
210/198.2 

ijRPL : 

Little, "Sequential Multimodal Elution for Pseudomultidimensional 
Liquid 

Chrc-matography on a Single Column," Anal. Chem., 63, (1991) pp. 
33-44 . 
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DC)CUMENT-IDENTIFIER: US 5228989 A 
TI TLE : Perf usive chrc'inatcigraphy 



E'EPR: 

Brc-adly, in accordance with the invention, perfusion 
chr 'jmatography i s 

p^rac^iced tiy passing fiuids at velocities abc've a threshold level 
thr-jugh a 

sp'ecially designed matrix characterized by a geometry which is 
i: im'i-dal or 

multimodal with r^^spect to its p'OrC'S l ry . Perhap'S the m^jst 
f un'lamen tal 

C't'servat icT: relevant t^j the new p'r^icedure is that it is pcissirde 
to av-jid t'C'Oh 

the I'jss of capacity characteristic c-f convection bound systems 
and the high 

plate height and bandspreading characteristics of diffusicm bc'und 
systems , 

This o.aw 00 ac ri'jm.pd I shed by f(jrcing chrcima tography fluids thrc-ugh 
■z: ma t r i >: 

n^ving ^-"-^ - ^' lar'VrL p~>res, such as ar-e def ined hy the 
i n: e rs t i c i es am^jn'^ a 

r^'ed of p^articles, and which determine pressure dr(jps ano fluid 
f 1 ,:iw ve I'jC i t i es 

tnr-'iugh the Ijed, and a set. of pni-res C' f smaller diamet^E'r, e.g., 
an i sot re flic 

thri^ughuMi.res . The smaller r)ores permeate the individual 
cvSirticles and serve to 

deliver chnjma t'i'grarihy fluids t^y cc^nvect i-^n to surface regions 
wi thin the 

r^^r-^icle inr e r =f:^t i ve with the sc-lutes in the chromatoar ap'hy 
f 1 u ni . 

['EPR: 

Fr-'jm th^ tor^ar^ina descr iX)t I'jn many f the liasic" enam^^rina 
go^ls zc be 

..o ..... . '[ 1; . ■ ' t ]-ri - ^ ■ ^; ^ ni a t r i X ma t e r l a i s s u i t ab 1 fn r t h e 



inn a 



. - . . r --^ > + 1 ] e i -v. ■-r r-'-^rTia Tiarar )n i^-. ^ matrix 

wh L-"h will nC't 

■'Tusri ^uider pr^E'.jsui-- iiavi^.g limodal r, r.-^ f e r at) 1 '/ multimodal 

ari'i as large a surface area p)er unit voluute as p-v^s s i it, ^ , 71, c 
first and see:c-nd 

pore sets whi'idi give the material its bimi^'dal tii-w prop)eitif-s 
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must have mean 

diameters relative tC' each other so as to permit convective flC'W 
through r^oth 

sets of pores at nigh V. sub. beds. The provision of" subpores m 
the matrix is 

nc't required to conduct p^er fusion chromatC'graphy k-ut is preferred 
k>e cause of 

the inherent increase in surface area per unit volume c^f matrix- 
material such a 
cc-nst ruction provides , 

In c<jntrast to the PL 4,000 material, which, with respiect r.o its 

poro 

s'^rurtuie, is mul timodal , a more ideal pier'fusive p'arti'::l'£ might. 
cc'mr>r i se -zi 

pduiality 'J f sets cf throughpc^res and subpores of differing mean 
diameters. A 

i:dmj:'dal pc^re size distribution can be achieved in such particle 
hy mixing equal 

rati'js of p>articles having two discrete pore sizes or tiy 
e:.g i ne^ r i rig thi s 

feature ^t t.he pL- 1. ymer i z at i -jn stage. Ideally, mean diameter 

t nr L^ughpi.:- r^i- suk^sets wc'Ul'i kie less cnan i'j, ia-:cin di^m^ t ^r 

ratic! k^etween the 

smallest throucfhp"jre sets and the subp(jres would be less than 20, 
ana the rr.ean 

diameter I^atie■ k>etween the first pore set, i.e., tne intersticies 
amcng nhe 

^'articles making up the matrix, and the largest thrciughp-jre 
suk'Set w-:uh:i kie 

less than 70, an^i pireferably less than :'0. A multimodal material 
m i 'J he fc'e 

i:'£'jLiac^d .oy aggl^::TLC'r it ing ^'''m") . ANG . p^jrcins to f!jr:iL ap^f^r^ox imat ely 
1 . mu . m 

clusters, which in turn are agglcimerated to fc'rm 10 .mu.m. 
aggreaates, which m 

^urn may be agcfregat eci to f-jrm 100 .mu.m pjarticles. In su:'h a 
.mv:. h s -e v/.-iu i '.i li^ve mtersiicie^. -i-i a ...^jir.-i-; o. 



surfi<::e area. LJitfusive transpxjrt withrii tn^^e pc-r- s v;su^_i 
r ar ei)' ni .'-j l 

exreei a rlistar.ce of 'J . 5 .mu.m -jr 5, 000 .ANG.. Inter st i cie.^ 
amjng the 1 .mu.m 

clusters m.aking up) the 10 .mu.m aggregates wc^uld p)erm.it 

V ... V X 1 V '7t L. I V e i -L V ; W -^.^ ^ 'i^ - J C 
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the diffusive pores. These would be on the order of 0.3 .mu.m in 
diameter . 

These throughpores ^ in turn would be fed by larger pores defined 
by 

mtersticies among the 10 .mu.m particles making up) the 100 .mu.m 
particles . 

These would have a mean diameter on the order of 35 .mu.m. 

CCOR: 
210/198.2 
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DOCITMENT- IDENTIFIER: US 5104530 A 

TITLE: ChromatC'graphy column with carboridceous adsorbents from 
P'yrijly zed 

pujlysul f onated polymers 



MPT: 

Carbonaceous adsc^rbent particles having multimodal pore size, 
1 nc lading 

KLi^i-rO'pores and macr op'C'res , with imp'riDved adsc-rptive and 
s e|: a r a t i ve p ro^ e r t i e s , 

are tr-rep^aied by p>artial p-yrcdysis of pC'lysul f onated maori:p»or(jus 

resms, said resins k^eing in turn derived frcim macrcpc'rc'us 
po 1 y ( vi ny 1 aroma t ic ) 

resins. The particles may be further treated by activating with 

r eac t ive gases 

or by funct ic-nali zati-i^n. 

f ::??.: 

rritisn Patent rlo 1,52 5, 420, in a h-road descriptic-n of method for 

infusitde vsri'jus p'or^-jus high molecular weight comL> „'L.:iOc. 
( i nc 1 uai ng macr 'jporc-us 

r^'Sins), and then calcining them, relates techniques tor 
C"jlysul f C'nati'On 

earlier descrir'ed t-y Corte et al. among thcise suitable fc^r 
:■ rearing 

mfusird 1 ity . Ko char ac:ter i zation data are given f :>r the pi^lymer 
p r i':'r t ■:■ 

cii': inat i'jn . Preferred infusibility reactants are sul fur 
: r- 1 o>: i de , su 1 f r i ? 

a:*id, or chlc-r'^sul f C'nic acid. This reference discl:'Ses piyr-olysis 

m"^ rr rO'US r-sins treated with 1 5 fuming sulfuric acid and 
p ^ y r ■ - ' 1 J/ ^ , -a n c 

0'?s :: r ii:;es an oiri'? r i men t al method f r determining the p-jrc^sity of 



r^sM ] t. s descr ir^ea m 



c- r, 



■ V/ " ne -hlj c otlOO " r any '\^>or<^<3iv// u^i- ve^'j^j^ii'-nL : ■ '" - c. : 

mul timodal 

'sitv is n: t t auaht . In contrast, Neely in tne i.it'zju 
r e f e r n :: ■ s 1 1: 1 1 y c" h > w 

z:.o n^' V- i ( jp^iifinr :.f mi ::r^^p'~^rr)S i ty f^^r mcinc'sul I'cina t e.:i ma'::r jfjorous 
r~ ^ c'. i n c- . 

Further, the British patent is silent abc^ut the prcicessing 
a :i a n t a g e s o Ij s orvo d 
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in pyrolysis of polysul f onated resins. 
CLPP : 

I . A chromat'jgraphic column packed with the carbonaceous 
adsii'rt ent p-ar t icl es 

whii^h comprise the product of controlled p'yrolysis cf a 
pijl ysul f 'jnated 

maci cp-jr'i'US crc>ssl inked, vinylarc-matic polymer, the particles 
having mul timodal 

pc-re-size distribution and a minimum micrc'pc're vcdume of abC'Ut 

0 . 02 cm . sup . 3 

/g. 

C LPr . : 

4. A ■::hrcimat.'jgrap)hic column packed with the carticmaceC'US 
adS'': rt ent p^ar tides 

whiii'h compirise the prijduct of cijntrolled piyrc'lysis of a 
p^jlysul f 'jnate 1 

macr I'p 'jr I'us crc-ss 1 inked, vinylarcimat ic polymer, the particles 
having multimodal 

pi'jre-size distribution and a minimum micrc'pcire vc'lume of abciut 
■J . ■ cm. sup* . 

/g, wherein the particles are treated, sutisequent to pyrolysis 

.'v i L.. J ^ -J L c.i I. ' 1 

reactive agent. 

CCOR: 
210/198.2 



12/18/2001, EAST Version: 1.02.0008 



DfjClTMENT- IDENTIFIER: US 507154 7 A 

TITLE: Cc^lumn chromatc-iirr aphic colui^Ln apparatus with swit(2hing 
cai'abi 1 i t y 



EiE PP : 

The fluid conduit assembly or means is comprised of conduit 
p i p ing cc-nnect ing 

the dual ccdumns, detector, multi-valve arrangement in a similar 
manner to that 

'jf FIG, 2 with three exceptions. First, the fluid cc^nduit 
assemkd y in additic^n 

conduits 1 lA thrc^ugh IIL as in FIG. 2, also has CM^nduits IIX 
rnrc ugh 1 IZ and 

IIZ'. Sec'"nd, there are two valves present in what C'jncep)tual ly 
can t'O 

referred t... as each valve set 12A and 12B of FIG. 2. The third 
OM'ep't i>jn 1 s 

the p>resen>^.e C'f an additional valve 42 that isolates the detectc^r 
f r ^ IT' "h-' 

r^res^ure r)f the IXJC Appai^dtus Althijugh valves i2iv and 12v can t^e 
i ^ : i -1 r 

Ij-mo inth^:■ V5ilv^=' set 12A or Fio. ^ dUo Valvc-:: 12vi ^r.i h : "'cM 
inLiicat-'i 

a- teing ir: the valve set 12B of FIG. these valves miay '='xist 

w 1 t li 

independent identity fr^'m these valve sets. In ijther words these 
v;ilves may i:)e 

iust apdurahity valves withC'Ut valves 12iv and 12v as Vv^ell as 
th-- tw.j valves 

and l.lvii pierf'jrm the same funi::ti'"'n as valves sets 1:'::A and 

1" "B, 

: --c.p HT': t iV'Ed y . Valve 42 is any mul t.i-p'jr t diid multimodal valve 
<njwn :. o tliC'Se 

Sriilled in the art as are valv^e-s 12iv through 12vii, and ^ralv^z^ 42 
'i\s niered a part. f the multi-valve arrangemLont 12. As with ^he 
Fd'"-. .1 , (""J f rdtl. l> nas -.^cn va^-v wi:.:. _^ -.^ r:. : 



a":tuatin':; ■::'jnnect icci 14A as valves i2i'/-12v]i iii:! i :.. -i - 

'•■■cv- -t i r^ns 14 J, i4K, ] 4L, 14M, an.i 14:1, respectively. Valves 
K:. IV and 1^. V are 

■jrmected together fsr F)ressurize<d flui'l p>assage bet'ween them by 
soridii i L 1 1 X , 
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and in a similar manner valves 12vi and 12vii are connected by 
ciDnduit IIY. 

CCOR: 
210/198 .2 
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DC'CITMENT- IDENTIFIER: US 5019270 A 
T I TLE : Perf usive chroma togi aphy 



E'EPR: 

Brc'adly, in accorilance with the invention, perfusion 
chrL'matC'graphy i s 

practiced by passing fluids at velocities above a threshold level 
thrC'Ugh a 

specially designed matrix characterized by a geometry which is 
t im'T'dal or 

multimodal with respect to its porosity. Perhaps the mC'St 
f un'iament a 1 

ctservaticn relevant Lc^ the new prc^iredure is that it is picissiide 
tC' avc id t'C.rh 

the Ic-ss ct capacity characteristic of cijnvection b(jund systenis 
and t:he high 

rdate height and t-andspr eading characteristics of diffusism hC'Und 
s ys t e]i:LS . 

i;\is :'an ii-e a ~'C-jmpd i sh^'d t^y f^jrcing chromatography fluids thrc^ugh 
rti ^; t r ix 

r.ir::r-^ - ----^ -d" i^raor pc^res, such as are defined by the 
i nt e rs c i c: i es anui^ng a 

ioe-:i jf f'articles, an^:! which determine p>ressure drop)S anci fluid 
f ] 'jw ve 1 i ties 

■.rii;: ugh tne bed, arifi a set of pic-res of smallfE-r diamt'ter, e.g., 
aniS'jr, r-'jpii.:' 

t.hr-: U';ihp-:' res . The smaller piores p)ermeate the individual 
P'arti':'les 3ind serve to 

iii^lnver chrc-mat ^grapbiy fluids t^y cc-nvec-t i ii^n to surface r-egic^ns 
w L th i n he 

p^ir'ticb- ini:^ractive with the s^'lutes in the c:hr cmat oigi apihy 
t i u i 'i . 



euc'incf aescr i pir 1 s: I, ^iiauy c t the d ^sio pnameerina 
u-ils to t'^- 

. :: : ; : .'. " ~ ^^-"^ ^ - ^ ' d' matrix materials suitabbf for the 

: U u '^^ ^ ^ ''r- " f 

■ .-\ ----^t^- ^>'.v- V,- ; ■ u.^^ <^i:i:;ar -z-n I t^ ^ ^n.o./f_^ --\:'^\\.--X it 

^rz, Tri._is, 

AOn- \r rr : ^- r---- ^ f^o^ [ -^^n '^r.rrmarcn-j r aL&iy is a maLuix 

v/tu :":h will nijt 

■.u isn uno-r lu^z^osui-- having t bim'^-^'^al '-r riireferably multimodal 
p; r-? s 1 - jc " " : r^:^ 

and as lar-:Te a surface area pex unit vi lume as p)'.i>^s i hi.:: . The 
first and secjnd 

p)ore sets whijh give ^he material its hdmcidal fls'v; pnop^erties 
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must have mean 

(diameters relative to each other so as to permit convective flow 
thrr.ugh bcith 

sets of pores at high V. sub. beds. The provision C'f subpores in 
the matrix is 

not required to cc-nduct perfusion chromatography tiut is p^referred 
k'O cause c> f 

the inherent increase in surface area per unit volume of matrix 
material such a 
C'jnstruct ion provides . 

uEP?.: 

In ccTitrast to the PL 4,000 material, which, with respect to its 
P'jr e 

s : r :,M'ture, is multimodal , a mc^re ideal perfusive particle magh^ 
C'jnLf'r ise a 

pdurality of sets C'f throughpc-res and subpic^res of differing mean 
di amie ters . A 

tdm.jdal p.jre size distribution can be achieved in such piarticle 
by mixing equal 

rati'i'S ijf ^'articles having twci discrete p'ore sizes C'r by 
eng i nee r in :f this 

leaLure at the p''~d yTnerizat ion stage. bieally, m.ean diameter 

t.hr jughpii're suhtsets w-ould be less than Liie mea..::. diamE^--^r 

I at i between the 

smailest throughp.jre sets and the subpcires wciuld lie less than 20, 
a no the me.^n 

■iiameter rati'j between the first pore set, i.e., the int^rsticies 
ami'ng the 

p^artii r^l es making up the matrix, and the largest thrc>ughp :-re 
suc'set wc'Ul i he 

less r,han 7(j, and p-referibly less than 50. A multimodal material 
:Mght be ^ 

pr:c:iU'::ed )jy ag-ii I'l-ni^r a t ing 500 ,A^G, p^jrc^ns r.o fcum app'r imiately 
1 . H'/.^ . m 

:-lus"^r'-, whi. ::h in turn are agg 1 omerat eid to form 10 .mu.m 
i;4^re^ates, v;hich in 

:.:;r::\ may o>'- a'jgregated to fc>rm 100 .mu.m pjarticle^ . In such a 
it; d.-.^t-rr- wuL:i h^v^^ mtersticies j1. ul-cX 



f ^;-w nun.:lr •=:d .Ai^JOi. . 'i'nose woui^j -^^^ x„ ■" ' 

r: y :\i i : . 

sur-fice ar^-i. Diffusive transp'jit within tn^se j^.r-^c W'.; . . i 
r=ir-?l.y hav'- tj 

ex ■'-'-■1 a iistance of 0.5 ,mu.m or 5,000 .7\1JG.. Ir:ter st i::.:ies 
ami-n :\ tlio 1 . mu . m 

clu-lers Huikin^^ up th^^ 10 .mu.m aggregates wijuld piermit 

C'-^nvec 1 1 \^e ri:)w t: 3 fe^;d 
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the diffusive pores. These would be on the order of 0.3 .mu.m in 
diameter . 

Those throughpores , in turn would be fed by larger pores defined 
by 

intersticies among the 10 .mu.m particles making up the 100 .mu.m 
particles . 

These would have a mean diameter on the order of 35 .mu.m. 

CCXR: 
210/198.2 
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DOCUMENT- IDENTIFIER: US 5833861 A 
TITLE: Perfusive chroma t o g r aph y 



DEPR: 

Broadly, in accoriiance with the invention, perfusion 
chromatc-graphy i s 

practiced t-y passing fluids at vel-ocities above a threshc'ld level 
through a 

sp'ocially designed matrix characterized by a geometry which is 
tdmijdal or 

multimodal with respect tc* its porc'sity. Perhaps the mijst 
f uniiament a 1 

c t'Servao i (jn relevant to the new pr-io^.edure is that it is ptiissitiie 
t-: aVijLd t'Cith 

the I'jss of capacity characteristic of Cionvect ic-n bound systems 
and the h i gh 

rdate height and bandspreading characteristics of diffusion b'lund 
^y^' terns . 
This ?a 
3 m f 1 1 r i 



:::-mpdished t^y frircing chromatC'graphy fluids thriugh 



r'-l r;t' l5iigz'i:' pc'res, such as are defined by the 
i :r:ter st ici es am^jng a 

hcri of r^arti'-'-les, and which determine pressure drops and fluad 
f'li>v; vel jC it i. ►i.'S 

thr^ucfh tne Ijed, and a set of p'-ires of smaller diameter, e . . , 
ani so t rc-pic 

thr : U'jhp'ires . The smaller pores piermeate the indiviilual 
t'urt icles anil serve tC' 

iMliver chroma t igrapthy fluids k-y ci-nvecticin ti' surface regions 
within tne 

P'rirtii'l- interactive with the si-lutes in the chri'matcig t af)hy 
£l..id. 

LiEPR : 

r'rijm tne ti-reaoinu a^e^ ci i o 1 1 <_Oi luany i- f th-r I'^si-"- pncrineeri nir 
a: al s t be 

■ i"o-^"^ ^'^ f ^ " 1 or: of matrix materiali suit.abhE^ fc^r the 
T: 1 1 '['^ i ^~:e 

: ■■^■■^ -t ro ^- ■ - f ^ - 1 .^-iv will le avp^r^-io r,-, ih._;.-.c ^}:ilIod \t\ ^..] 
I . I'lt;] 1 , 

A..:0. . . ■ ;_.:._.o. : * r .-■^^-v- f i ^c- 1 -.n rh t'liTia tiiur up'hy is a muLiix 
whic:h will nit 

irusn i_in_;-u ui^.oUio :iivi:ij^ - lOmrMiHi ci t'te f eratily multimodal 
p J s " ruc^ u r-- 

and as large a surface area per unit vcuurr^e a:^ rj-ssibl-i. The 
first and. spc^-nd 

pire sets whi ih gi\^e the material its kamiMial flow prof^erties 
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must have mean 

diameters relative to each other so as to permit cc>nvective flow 
through t'Oth 

sets cf p'C-res at high V. sub. beds. The provision of subpores in 
the matrix is 

net required tc' cc'nduct perfusion chromatography k.ut is p^ref erred 
because of 

the inherent increase in surface area per unit volume of matrix 

material such a 

cc-nst ruct ion p^rovides . 

DEPR: 

In ccTitrast to the PL 4, 000 material, which, with resp'Oct to its 
r. . r^' 

structure, is multimodal , a m<jre ideal perfusive p-article might 
c jmp'r ise a 

pduraliry -if sets ot thrc'ughp'ires and subpii-res of differing mean 
diameters. A 

bim^'dal pore size tiistribut ion can be achieved in such p>article 
by mixinLj equal 

r-iti'is C'f p-articles having tw-i discrete pore sizes -ir by 
eng] n^i'erirrrr this 

f-'^"ure at the p'Olymerizat ion stage. Ideally, m.ean diam^it^'r 

thr'^u^rhpiL'r-- suljsets would oe less cnait i-j, th-i m-ziL^n di in-: t-^^~ 
r^. ti'i b*^^v;een the 

smiliest throU'irhp'C re sets and the suhip'ires would oe less tnan 20, 
ami tne m^ian 

di^tTTieter ratii- between the first pc-re set, i.e., the inter ot icies 
amiing the 

P'articles making up' the matrix, and the largest thri-ughpnire 
s.±.set w.:.uh:l be 

less tnan 70, a.no p-referably less than 5:"'. A multimodal mater i.al 
m i err: ^ o-^. 

Lu '„Mi,^,^;eii liy ai'gb^mera t mg ^lOO .ANij. p^jr^ms t'l f^rmi app'rr)x imLately 
1 . mu . m 

■1 lusters, which in turn are at(g iomerated tC' f-irmi 10 .mu.m 
^ -jg rv-'ifa tes , wn l L'n i n 

Z'.\r:\ may r^^:: agL^re-gated ti' fcirm lUO .mu.m particles. In sU'-'h a 



^r - W!'""^ub.i have inters ti ^:ie:r 



surfa':"^e area. Pittusive transp'Ort witnii. tliese p.." r-is w: 
I jr-i y t'. 

'^•v-.^^.^rl -iistarice cf u.o .mu.m -ir 0, 00 0 .AUG.. Intersti' 
among the 1 .mu.m 

clusters makir-:! upi the 10 .mu.m aggregates wc^uld piermit 

feed 
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the diffusive p)ores. These would be on the oriier of 0.3 .mu.m in 
diameter . 

These throughpores , in turn would be fed by larger pores defined 
by 

intersticies among the 10 .mu.m particles making up the 100 .mu.m 
particles . 

These would have a mean diameter on the order of 35 .mu.m. 

CCXR: 
210/198.2 
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DOCITMENT- IDENTIFIER: US 5 6 05623 A 
T I TLE : Per f usi ve chroiTLatography 



E'EE'R: 

Brc'ddly, in accordance with the invention, p^erfusiijn 
chromatC'grap)hy i s 

practiced t-y passing fluids at velc-cities ak-ove a threshc'ld level 
rnr C'Ugh a 

specially designed matrix characterized by a geometry which is 
t im::da 1 or 

multimodal with resp^ect tc its r'r'r':'Sity . Perhap-s th^E- most 
f undament a 1 

C'C'Sorvati'in relevant to the new p^r^^cedure is that it is pnissit'le 
tc- avtjid bcrh 

the 1<jSS ct capacity characteristic of convection bound systems 
and the high 

pdate height and bandspreading characteristics of diffusion kniund 
systems . 

This can 1:^ .acccimpd i shc-d k-y forciing chrc-matography fluids thrc^ugh 
a matrix 

havmif a set of lar^rrer piires, such as are definc'd ky the 
1 n t e rs t i c 1 es am-jng .a 

bed of p'artic.Les, ai'id which determine p^ressure arcip'S and fluid 
f 1 :.w veloci ties 

rnrc-ucrh the fc^ed, ami a set C'f p^ires 'if smaller diameter, e.g., 
an i. si'tripi c 

t hr.::ughp'Or es . The smaller p)C'res permeate the individual 
p-articles and serve to 

deliver i:hriimat'jgraphy fluids kiy c:invectii'n to surface regions 
w 1 ::hin t he 

p-artiiile interaitive with the scdutes in the chr imatc arapiny 
f 1 -^1 1 li . 

I'E FT' : 

rtco. t:.e it' r '::-gi_.^ in J disiripticn many -'-f the ttasic engineering 

r^-y-^-'-^n ii. r:-:,.e f .-iiu i i.5i t iii^ cf matrix mat>^rials suitakde for the 
t r 1 1 i.-e 1 t- 

*" " ^ ^it; El " 1 a r- ipn V v;iil t^^ -^nna r-nt t-^- ih; skill-i :r 'ho 



"^^ ' o-^-.i-^^i or^'^'M.'-'-' p^rfusi'')n '^hrL'RLa tc-grap'hy is Ei lUdiiix 
wn L 1 wi l l iiO u 

""oisn uni: r p'^-^^--nr^ t ^vir-a a bimodal cr pireferably multimodal 
r: or-^ str'U'iture 

ana as l^rg-r^ a surface irea p:cr unit VLiL^n^e possikdi. The 
first and seccmd 

pr^ro sets wTiich 'iivp the material its k'tmc'dal fli/w prc-p-ertios 
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must have mean 

diameters relative to each other so as to permit convective flc-w 
thrijugh bC'th 

sets C't pc.res at high V. sub. beds. The provision o-f sut>pores m 
the matrix is 

not required to conduct perfusion chromatography but is preferred 
because of 

the inherent increase in surface area per unit volume C'f matrix 
material such a 
construct iC'n provides . 

DEPR: 

In r'C'ntrast to the PL 4,000 material, which, with respect to its 
omj re 

structure, is multimodal, a mijre ideal per fusive p-articie might. 
C'jmi-rise a 

plurality of sets of throughpores and subpijres of differing mean 
diameters. A 

bimL'dal pore size distribution can be achieved in such piarticle 
k'y mixing equal 

rEiti.os of particles having two discrete pc-re sizes or by 
-rng ir.oo r i ng th i s 

fea^rure at the p'jlymeri zatic»n stage. Ideally, mean dianLcter 

- " '_ i 0"^ L \\0 OTi 

thr^-ughpii're sut)sets wc^uld be less than i , th-- m^E;:.:. diani-: t--^ 
rati'"' between the 

smallest t hrou'jhpitre sets and the subpores wC'Uld h^e less than 10, 
}..:\d th:e H'ean 

aiameter ratic^ between the first pc-re set, i.e., the inhere ticies 
imc'ng the 

^'articles m^iking UE* the matrix, and the larigest throughpni.r e 
subset W'i'Uld be 

l^:^ss tnan 7'j, ^in'ii p'referably less than 50. A multimodal material 
n:iight i^e 

prc'duc^d ag^g I'l-m^era t ing 500 .ANG. pi'Orc-ns to fc^rm. apif^r'^x im.ately 
1 . mu . rit 

lusters, v;hi.::h in turn are aggl ijmerated to f-jrm 10 .mu.m 
a J a r e a a t e s , wni c n i n 

t-:in msy Ijo aci':[ r ega te':i to form 100 .mu.m particles. In sur^h a 
.mu.r^' hi r ^r,^^ W'..'..ld nave mte r ^ 1 1 Jxts n.-a:. ^o^. ^7..,. o^- : 1:. ' 



surfa'i^e area. Jitlusive transp-rt withir. tri^rse p;.:r'js v;^:....; 

-x'-^od a ■ii.st5ince -tf .mu.m or 5, OCtC' .AUG.. Inters 1 1 

am-jr^'if the 1 .mu.m 

clu--. "-^-rs making up) the 10 .mu.m aggregates would perm.it 
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the diffusive pores. These would be on the order of 0.3 .mu.m in 
liiameter . 

These throughpores , in turn wc)Uld be fed by larger pores defined 
by 

intersticies among the 10 .mu.m particles making up the 100 .mu.m 
p^art icles . 

These would have a mean diameter on the order of 35 .mu.m. 
CLPR: 

8. The chromatography system of claim 7 wherein the packed 
f-articles define a 

bimc»dal or multimodal pore structure. 

CC'DF: : 
210/198.2 
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DOCUMENT- 1 E)ENT I FIER: US 55 52041 A 
T 1 TLE : Per f usive chi omatography 



T'EPR: 

Bi'jadly, in accordance with the invention, perfusion 
ch retina tC'graphy i s 

P'racticed t-y passing fluids at velocities above a threshold level 
t-h rough a 

sp'e':'ially designed matrix characterized by a geometry which is 
ij i rtL'jdal c-r 

mul timodal wirh respect to its p'orc'Sity. Perhapis the mc-sr 
t undamenoa I 

'jiC'Servat ion relevant zo the new prc-'Cc-dure is that it is p^i-ssiijle 
t'? avcdfri t'Oth 

tne iC'SS of capiacity character i sti^r. of cc-nvect i^jn bC'Und systems 
and the high 

pdate height and k^andspreading characteristics of diffusic>n bc'und 
s ys r ems . 

Inis car. t*; a^'C'^mrd i shed by fijrcinLf ^'hromatc-graphy fluids thrijugh 
a ^latrix 

•-■-vina -i i-t -:'f larg'jr pc^res, siK^h as are defined l^y the 
mrersticies am^jng a 

boo of r'articles, and which determine t'ressure drops and fluid 
f i .:'W ve 1 oo i t ies 

thr^zu^h the Ijed, arici a set c^f p^i^res of smaller diameter, . g . , 
ani S'jt rL'pdir 

thr i'ughric res . The smaller pores permeate the individual 
paiuicles and serve zo 

d--liver c-hr-oma t'jgrap'hy fluids t^y cc^nvection tc^ surface regions 
w 1 tn in the 

p'^rtricle interactive with the S'jlutes in the chrc-matc^gr 5ip>hy 



t'EF'F.: 

FrC'iiL me m-iea-jinj i.;esci ipLi'.^n :uany :.f the basic enaineerinq 
ils zo oe 

.r--::i : f -^r^y^ ^z ion of matrix mareiials suitable fru the 
z r t. i f 

"r''^:"'v^ -v- k- -.rr, ; . , r ^r- v will Zo ar^p^r-nt ^ ■^ncie ;..-}.* ILed in ^1' 

:s I.. : ; : - ^ r-^-^— r.'-^' r f us i '"■n ^":rom^-^.oaraijhy is a matrix 
wnich will noz 

ir .,^n...i-i ^ <: s s .i: :. h:.ving - vOmnri.Hi ■ r t'Toferatdy multimodal 

r.r, r.r. t: r - 1:.'^ t.u r 

ani as large a surface area per unit vi ium.e as p'j-sil'de. Th-i 
first and seiijnd 

port- sets whi.7h give the material its t)imodal fl^jw piruperties 



12/18/2001, EAST Version: 1,02.0008 



must have mean 

diameters relative to each other SC' as to permit convective flow 
thrc'ugh t^jth 

sets of p'jres at high V.oub.beds. The provision of subpores in 
the matrix is 

nc't required to 'i-onduct p-erfusion <::hroma tc^graphy but is p^r^: f erred 
beoause of 

the inherent inorease in surface area per unit volume C'f matrix 

n'.aterial suoh a 

C'jnst ruction prc'vides , 

In ^-'jntrasr tci the PL 4,000 material, which, with resp-ect to it:s 
Vjo re 

stru-::ture, is multimodal, a more i'deal perfusive p^iaiticle might. 
o-jTiP'rise i 

P'lurality c-f sets cif thrijughp<jres and subpores of liiffering: mean 
■:li am.eters . A 

tdm^'dal p'l're size distribution can be achieved in such particle 
k'Y mixing equal 

ratiC'S C'f pisirticles having tw^j discrete pC'ie sizes c-r by 
en J 1 nee r i ng thi s 

fes'ure at the pC' 1 ymer i zat ion stage. Ideally, m.ean diam-ter 

tnr':ughpcre sut)Sets Wfjuld he l ess Lnan hj, one ]iL-'a:i di c:tl-= t^:.:r 
rati'!' iiOLween tne 

smallest throughpic-r'e sets and the subp'ores would he less than 20, 
ana the m^^an 

diameter rati<j between the first pcire set, i.e., the mtersticies 
among the 

particles making ur^ the matrix, and the largest thrcjughp'jre 
sul'set W'jul i he 

less than 70, an-ii r^referably less than 00. A multimodal material 
T i \j 1 i' 

L'r '.jda'.--^d oy aggbiiTierating^ O^'jO .7\NG. pHi-r'jns to term app'i 'jx imia t e 1 y 
1 . m,u . m 

clusters, whio.h in turn are agglomerated tc^ form 10 .mu.m 
5 'ig r agat es ; wnicn m 

turn may l-e aggregated te fc-rm 100 .mu.m piaroicles. In su::h a 
.";^":.m lus ^ e r w^.v) l d h.ive mtersticies et Rtecin . . ^ ■^.mcO. l 



surface area. Luftusive trdnspijrt witnm tn^^se p-^r-s w.: 
raceiy h.^v- t'„' 

ex :'^'-d a distance cf 0.5 .mu.m or 5, 000 .7\NG.. Interstisies 
am-:o':g the 1 .mu.m 

clusters making up the 10 .mu.m aggregates wc-uld p^ermit 
conve::tive flc-w ts feed 
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the diffusive pores. These would be on the order of 0.3 .mu.m in 
diameter . 

These throughpores , in turn would be fed by larger pores defined 
by 

mtersticies among the 10 .mu.m particles making up the 100 .mu.m 
part icles . 

These would have a mean diameter on the order of 35 .mu.m. 

CCOR: 
210/198.2 
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E'OCITMEMT- IDENTIFIER: US 554 0 834 A 

TITLE: Syrithesis c^f pc^rcius inorganic particles by 
pC'l ymeri zat i i::in- induced 
col loiii aggregatic-n (t'lCA) 



E'EE'R: 

The sp'Ccific surface area and porosity of the sintered particles 
nieasured r^y 

nitrc'gen adsc^rptic-n were 13 m.sup.2 /g and 29^^:, respectively, 
wnich are in 

reaS':T;atd a'~4reement with clc'se-p-acked, dense Zr0.suki,2 spheres 
wi th H'. nuni form 

]:arricle size. The p-^re size distribut i'jns (psd) (jk^tained kiy 
n 1 1 rc'gen 

a'icL'rp't ic'n and desorp' t ic-n, and mercury pc-r^jsime try (intrusic-n) 
are displayed in 

ET.G2. 4A, 4B and FIG. 5, resp>ect i vely . FrC'in N.sub.2 aiisijrp'tion, 
the p's:l was 

d'l t ermi neii t-e rather narrow with a maximum near 400 .AUG. and 
a siua 1 I 

o:•^l^r\Yo\Xirn-^ of p)i:ires larger tiian 500 .AIJG. and small^;-r than ino 
. /^Jm'Lt . . Fr ijiu 

M.suk'.- desL r pit i 'ji:, the psd was determined tci \je multimodal with 
n^:-arly all 

pijres L>etwe^:'n IOC' .AIMt. and 200 .M^G. in diameter and some 
p:'res below 5^: 

..-^UG.. This oiscrepancy is mainly due to p'ore blC'Cking or 
n^i'tw: rt. ef fects, 

wher eio'/ d^E'S-jr tjt ic-n fr ^jm a loeire in a netw:jrl<: i s infIuen':'eo t^y the 
s:.-te -A' th^^ 

n-i-:[h}:..:'r ing p-i'^res. Nitrc^gen adsc-rpt ic^n p'r.jbes the main ■:"hannel 
s 1 an 'a :::an re 
:'ns i ci-r r e^:: free of picre IC'lC'Cking effects, while nitr-jgen 
s :-rr. \ i or-, sh'jws a 
■ai-r-^u.. P'.o 2 ; to ly l^.rgo amjun^. -f small pr-rf^s in- to "b-ottle 
necV- . " Tne ps-ii 

■'tit- ^ir.--''"i li-'Ml m'f:r::ur\' p; msjs ime t ry (mtrusi'^n) are als^:) mf'lu^i'nced 
oy ro t.' 

1 ^"O" -■■ f :i ::ns ; as i:hown m FIN. 2, i r. is bi.-iid 2h yj':.'i.os 

^r;:- r.' V -V', ^ ro -^^ 12^^ .ATIG. and TiO .ANG. m diameter an ;1 a maximum 
ne.ai z -J J 

^ r-^^'^^^.r,r\'<Y)] aoroement with the P'Sd fr^jm. N.sub.2 

deSCil f't lOTi . 

DEF'F : 

The fHjre-s-ize ■iistributiijns (p)sd's) after sintering ar- shc^wn m 
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FIG. 19. All 

samples exhibited multimodal psd's with pore diameters ranging 
h>etween 100 

.ANi:7. and 450 .ANG.. The sample synthesized at pH 1.2 contain^ 
S'r-m.e hc)l 1 ow 

P'Eir tides but its psd seemed qualitatively similar to rhose of 
samp'les 

synthesized at higher pH (non-hollow particles). This is becau: 
N . sub . 2 

adsc'rption only p>robes the pores within the ZrO.sub.2 shells ani 
n^jt the large 

voids they encompass. Surface areas and porc»sities 
{ . episi I on . . sub . p^ar tide ) 

f-jr these samples are listed in Table 3. Nijte that there is 
'qualitative 

agreement: with FIG. 12E, but quantitative agi'eement is n^jt 
expected s Lnce 

c-jndensing N.suk'.2 cannot be used to distinguish between hollciw 
'iMires and 

interstitial vijlume between aggregates. The N.sub.2 pisd^s shijw 
that the higher 

the p'H, the greater sontribution of small p'jres to the total 
yj TT'S i ty . 

G.G-CTi : 
210/198.2 
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DOCUMENT-IDENTIFIER: US 5522994 A 

TITLE: Single column chromatographic determination of small 
mc'lecules in 

mixtures with large molecules 



CCXR: 
210/198.2 

OR PL: 

Little, "Sequential Multimodal Elution for Pseudomultidimensional 
Li qu id 

Chromatography on a Single Column," Anal. Chem., 63 (1991) pp. 
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DOCUMENT- IDENTIFIER: US 5431807 A 

TITLE: Multimodal chromatographic separatiC'R media ami prr>cess 
fc-r usina same 



TTL: 

Multimodal chromatographic separation media and prC'Cess fc-r using 
sam.e 

ABDL: 

A p'rC'Cess fc-r carrying out in a consecutive fashion different 
mz-cit s c f 

chrC'matograp'hi':: sep-aratic^n in a liquid chrc'matograr'hy column 
ucing a single 

sep>arati<jn medium is disc^losed. Separation media fc^r use m such 
multimodal 

sep arat i'jns are also discl'i^sed. 
BSr'R: 

T n.ay Z'l- pi^:s.=;ible r:o us^e- :'C'mJ:)inat icns C)f different sep^aratron 
media in 

■ .::fR_r^:nt c:D'imr5 ^'--^r mul timodal separat i(jns . An examp'le this 
mul t. iple 

c:.dumn tdmic-ial separaticTi was described re<::ently by Wheai.ley J. 

CnrC'matC":rr . , 603 (1 992) 27:-. The tdm.odal sep^ar a t i'on ot smaill 
m.ide'l'ules in :-ne 

c^jlumn packed with one separatii^n medium and kiased on sequential 
multimodal 

eluM'jn was descrikied t^y Little E. L., Jeansc-nne M. S., Eoley J. 
r.; Anal 

2"ne:ii., 6", 19'^1, : 2 . They cc-mbined i-:'n-ex'::hange and re\^er^sed 
phise 

:\M :iUri t-i-irrap'hy t^jr the sep nrat icri ot a ccm.plex sampd e :.:<:int a Lning 

rr rr. i.iros of 

:• :'mpC'Un :is : -rh^rged and n^jn-pijlar . I'ne use C'f lW'j .aiffercnt 
■Ji b 1i ent s, I . e . a 

:c. ^2'". " r/" 1 ^ ^ v-o^t, i t m tn^: sepjci r a ^ ion 

_ ■ _ J.-. ' ' ■ , [' \ \_ "! :" ^- - ~ ^--c-.r^^ r 1 f w, f t '-iC; T. O U C T 1 

j i eL:u i es a ti.o. r 

. V; : t r n : n ' ' r- . ■ . 1 .< h-..: v "- , ^ '■' oryr) r ^ -^'h mak^ =^ use of 

imper f e zt 

sur^f^o:^:' f uu'jt 1 onai J z 301 :jn -^i p'^^L^.^iS s:2:-::a co^-i^ :./V0 -o^ntained 

C.sui'.S 'jr C. sub. IS grc'ups together with tne original a::i :ii :: 
sui f ace s i Ian jl 

'jroups. S.imilar].y, the Di jNEX 2mniPa:^k PA:>:-50n column is p)acked 
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with 

riLin-pC'rous poly [styrene-divinylbenzene] beads coated on the bead 
surface with 

attached ion-exchange latex pcirticles (as described by the E'lONEX 
bL'C'k 1 et ) . 

Here again, the iroating c-f the bea<.l surface is imperfect and it 
is the 

n'jn-cC'Vered hydrophobic areas of the original non-p'orcus beads 
that are used 

f'jr sep-aratiijn in the second mode. This ap'proach excludes 
o-'jRLbi ina t ic'ns nijt 

involving the reversed phase mc'de (the (original ST-DVB surface 
rema i ns 

njn-fHjlar even after attBchment of latex particles) as well as 
ariy s i ze 

excl us i --jn sep^arat i c n . 
BS PR: 

This multimodal separation process is able to achieve separatic-n 
in a single 

C'ldumn in a consecutive operation because of the properties of 

: s- }j ar.^t i c n 



rri':- :i i uiTi . Th 
-; ^ p r i i 1 wr 
t'^'^n oretre 



e separation medium geneially C'lmpjrises .1 c-ir^us 
}■:']■[ has 

ated so that it has at least zvjo aif l^u t^^.d. Lyj.-::S „l 
surface gr-iup'S 

which have aifferent f unct ic^nal i ties . These different suiface 
Li r I'Up'S are 

disp^jsed in 'iifferent size range pi-res within the pc-r-ius 
ma te r i a 1 . Fo re size 

as used herein can mean a single measured average size, fi-r 
ex'-.mt'le, 2 5 nm, t'ut 

in mc-st '::ases it means a particular ran^^e -if sizes, f'lr ^--xamp'le, 
t'^^'- ^-'^"'i nm. An 

ex.:inLpi- c-f sush a j:-jrous m.aterial 'jf the p^resent inv^i/ntiiii is 'ine 
wnere i n t,h^r e 

are hydrijpihi 1 i'l surface groups in pn-res having a size I'f tr^im 
-/tjout ""j-Z^ nm. 5inu 

'ri-{-±ropr.'jY>i :\ surfaze grour-s m pc^res ranging in a size if fri^m 
A""^h'r -'X^np']-- i- =1 niat-'nal navmg nyur tjpiii ± xc gi^ .a-c ... i . : - 



the different functionalities of tne su: f ^ce giOap>s, m.i^Muies 
r r 1 3. i;, n i 'J -J 

a^!^^ni"ies t-j sU'Zh different sur f a'::e gr^jupis may tie ~ oi^'zH' ateci 
dun ng di f f erent 

m.jdes of separati'in, which may t-e carried out in a C'jnsei:ut i ve 
fashioii. As 
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used herein, different molecules means molecules of different 
sizes, different 

chemi(::ai affinities, different structures, compositions, 
po 1 arities, 

>:'hi rail ties, activities, etc. 
E'RPR : 

The key in selecting a mobile phase for a multimodal separation 
is the 

consecutive use of. mobile phases, in each individual mode, that 
ac' not 

interfere with the absorption of compounds tC' be separated in any 
':f the 

;? lit' sequent mijdes. Otherwise, rhe separatic^n will not be 
mul ti modal and ono 

group of cc^mp^junds will leave the ccdumn without any seriaration, 
as d'jcumented 

m Example 6 and FIG, 7. Under this assumptic-n, even a mok'ile 
phase for 

trimodal separatic»n is easily designed by a pers'^n skilled in the 
art C'f liquid 
■rh r jnia t o aphy . 



P.eacti'jn Scheiues 1-4 n<jt only describe rne paiLicui^i ^--ts .jf 
react ions 1 e a 'ling 

t.^' multimodal separati'jn media but they also shciw the C'l^ncepts of 
mr. king such 

media in general. The starting polymer must be por^jus witn 
re 1 3it ively Ijr'jad 

P'-: re size di s t r it'Ut i(jn and pcissess reactive grc^ups on the surface 
f the r-:'res. 

Typdcally, the pj^i^re-size selectivity ■: f the mc'di f ic "it icc: 
rea-rt i -^ns a re 

■.•■jilLi o 1 1 ed ijy the miZ l^-zular weight rif the catalyst ^^r r^E-agent 
used in th- 

r'^rticular mc>difying reaction and by the s<jlvent. The numh^er of 
m-'' :ies 

c" :"'jmm':ci a t.-^d in a sep^aration medium is the-jreti cally nc^t limited 

p. r \ '^"^ : ^ 1 1 y will rar^^ly ex^ieed tnree. Tne m^.'SL xnip^'i i .^::r.. p.ait ^x 

r J t i':'ri strategy r:r- p^i m d L x i 'jI mul Cxmodal : 

the piath. The product of a given reactic-n al f ectmg pui^s ^ 
::i -^'en si ze 

sh-ould r:--'t -^^ffecA the gr-jups already l:)uilt up> in the pirevic-us 
reaction s t ep 

within p"jres of a different size. 
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E'PPR: 

The multimodal separation process of the p'resent invention may 
even use very 

tiny differences between Liie separation modes as is the case with 
r ever sed 

phase and hydrop'hobic interaction chromatC'graphy . The sep'aration 
medium can be 

P'repared by a set of reactions shown in Reaction Scheme 5. 
ChPP : 

1. A multimodal separation medium for use in iiquid 
ch romat'jqraphy cC'mpri s ing 

a p'crous sepiaration medium having at least two different p'Ore 
size ranges with 

each pc're size range containing a different surface group), having 
a different 

f unct LC'nality c^jmpared to the surface grciups in the other p-ore 
size range, sai'i 

pC'rC'US separati'jn medium being capable of separating mtjlecules in 
a sample 

aided to a chromatography column containing said separatic-n 
iiL-e' :ii u:ii dur i ng 

different mcMies ot separation which are carried 'jut in a 

? -.>' o ^ ^ ^; I f 3 s h 1 cn 

using a single sep-aration medium. 

I. A multimodal separatir^n medium fc^r use in chrc^ma togr aphy 
C'jmp-r is ing a 

p-^r^ius separaticin me'dium having at least two ranges of pore size, 
with each 

rancre ot piore sizes having surface grciups of a chemical 
cO'mpMDsi tiijn di f f eren t 

fron: that r-f C'ther pore size ranges. 

: jF_ : 
210/198 .2 

'jF-PL : 

- " V": "r.^ : ^: ! Multimodal ^^nirion for Pseud'jmiul r idimens i onal 

I, . gu i i 

' ' ' o r^:r:^l^^ '-'.-n 1 nmr , , " Anal. C^hcm., ■ '\ '-^ '--^ \ : pp. 

2 2 . 
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E'OCLTMENT-IE>ENTIFIER: US 5384042 A 
T I TLE : F'er f usive chromatography 



L'EFR: 

Erc'adly, in accordance with the invention, perfusion 
chr omatC'graphy i s 

practiced kiy passing fluids at velocities above a threshold level 
through a 

specially designed matrix characterized by a geometry which is 
fc' imc-da 1 or 

multimodal witn respe^irt to its pior-jsity. Perhap'S the most 
f andamental 

L't'servat ion relevant to the new prcicedure is that it is p'Ossitde 
t-Z' avoid bC'th 

the Iijss C'f capacity characteristic of convectic'n h'ound systems 
and the high 

P'late height and bandspreading characteristics of diffusiijn tn^und 
systems . 

This can h^e a'-cc^mrd i shed k^y fijrcing chromatc-graphy fluids thrC'Ugh 
3 m 3 : r i >: 

r -oiovr ci r^'l r.f laroer pijroS/ such as ar^ defineil t^y tiie 
i n t. e r s t i c i e s among a 

he:: ':■ f particles, and which determine pressure ^ircips and fluid 
f 1 ve 1 c-c i t les 

thr^^ugh the r-ed., -.nd a s*=^t of p'ores C'f smaller ^diameter, e.g., 
aniS'jtropiii:: 

t nr^njighp)':' r es . The smaller piores permeate the inilividual 
P'articles and serve to 

ie liver ch]:[jma tc^graphy fluids h^y convectii^n tci surfa^i-.e regions 
w 1 thin tne 

P'5:r':ich-' interactive with the S'i'lutes in the chrii.matC'graplny 
f 1 u I d . 

[>EPF;: 

"^r-Tim the f^jiegc'ing aescr ip'tiC'n ma:.y ^_'f the b^siz engineering 
■ijals tij be 

. -y : ■-■ : ^'^-^^ ^ ^ -^'r i ^ - 1 n .->r, of matrux materials suitatde for the 
r r" 'i '"'^ i -"'e t 

: ^ ^ ^, ^ ^ ^ ^ , , \ ^ ] p.=. -r;t;arf:nt t/? th^_■:^■ s^o . led in t.ht- 

L t . 1 i"l -..i o , 



.... ; ^ r " i ■- r ^u s i ":n '-^h r ''^ma ^ ~>ar =: rbiy is a nidtrix 

which will nc't 

and as large a surface area per unrt vcdi 
iirst ind sec'")rid 

pore sets wlii.':h give the material its bim^idal flc^w properties 
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must have mean 

diameters relative to each other so as to permit convective flC'W 
through hoth 

sets C'f p-jres at iiigh V. sub. beds. The provision of subpc-res m 
the matrix is 

not required to cc^nduct perfusic^n chromatc^graphy k'Ut is f^r^f erred 
kie cause O'f 

the inherent increase in surface area per unit volume c-f matrix 

material such a 

C'jns t rue t i c-n prc'vides . 

E)EPR: 

In cC'ntrast to the PL 4, 000 material, which, with resp^ect to its 
}:-ore 

s t ru'rtur e , is multimodal , a mijre ideal pertusive riar ticlo might 
cc'mpr ise a 

pdurality of sets of thrijughpcires and subp'jres of differing mean 
diameters. A 

bim'::dal pi'jre size distribution can be achieved in such particle 
by mixing equal 

rati'js of p)article3 having two discrete pc-re sizes or hy 
?i neer i vi'Zi th i s 

f'^'atur'- ar. the rnid ymerizati on stage. Ideally, m.eari diameter 
r " i ]' 'O T vz-T" e [ 1 

thr-C'Ughp>C're subsets would r)e less cnan lu, tn^; m-cin v:ii.am=t:r 
rati'!' between the 

smallest throughp-C're sets and the subpores wc'Uld r-e less than iO, 
and the mean 

disnieter raz.xo Ijetween the first P'jre set, i.e., the inrersticies 
ami'jng the 

particdes making up the matrix, and the largest thrijughp'jre 
suljset wciuld r-e 

less than 70, and p-referably less than SC. A multimodal material 
r:. igh" ijo 

r rij'_iu:::^d 1-/ ag^j bimor a ting toO .ANG. poroTiS "i.o fc-rmi apip^r 'I'X imatel y 
1 . n.u . m 

clusters, which in turn are agglomerated to form 10 .mu.m 
aggregates, which m 

':.urn may t^e a-irgregated to fjrm 100 .mu.m particles. In such a 
m "d ns t-r^ r'-^' u i d have mt er s t i-ties .^'i ^ me^^n ^ , x -i:^^., : 

surface area. Dittusive transp<jrt witnm tn^^se i^^^'ros w;v:^>:; 
r a r i y n a '/'j t ' 

ox::^:;-e:l a iistar.ce of . S .mu.m or 5, 000 .AN(j.. Intersticies 
amjncf the 1 .mu.m 

clusters making uri the 10 .mu.m aggregates W'juld permit 

:"o;)nv- 3t ive flow to feed 
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the diffusive pores. These would be on the order of 0.3 .mu.m in 
diameter . 

These throughpores , in turn would be fed by larger pores defined 
by 

i::tersticies amc'ng the 10 .mu.m particles making up the 100 .mu.m 
part ides . 

Tiiese would have a mean (diameter on the order of 35 .mu.m. 
CLPF : 

22. A matrix fc-r conducting high efficiency adsc^rption 
chrijmatC'grap'hy of 

biobjgical molecules, the matrix comprising a packed bed C'f 
r igiLi, p'Olystyrene 

divi nylt^enzene p^articles havini^ a mean diameter Ijetween 1''' and 2 0 
mi ?r rjueters , 

defining a t^imc'dal or multimodal r>c.re structure and comprising 
chemi ca 1 ly 

active regions linked to the surface C'f the particles f-jr 
rove r s i b 1 y s o rb i ng 

h-i ■idogical mcd ecules, said matrix being characnei i zed in t:hat 



a ti.riL'ke-j bed c^f rigici particles c-i'mprising an inc-rganic mLaterial, 
*: i'-^ r t 1 c 1 e - 

.n..iving a nie^n iiam-E'Ler wiohin Ln^u i ange of 20 iiii :.l i:i[2t or s 0.: 
rwi o t 'I'me te rs 

an:i definincf a bimodal or multimodal pc-re structure, -one set of 
tcir es t'Oing 

p-article transecting thrc'Ughpiores having a mean diameter greater 
thEin at least 

^^''OO' .I^y,G,f anc'ther set of pores being subpcires in fluid 
■::-':innLuni':-:at i 'jr. wi th the 

t2tr C'Ughp'jies , and, disp'Osed within at least said sutip'^res, 
r eae- L iv- gr-^up'S 

:-':'mp t 1 s 1 ng r:^ --jf inijni':: sulfc-nate ji'jup'S, cati-jnic quaternary 
irTLTTi ' i urti 

■iriup'S, immun'jcfbjbul ines , or hydrocarbons, the ratic' f the means 
■1 i ::iiue te I o f 

Iho particles t^:- tne mean diamieter of a thrijughpnj res p^assing 
' f" ■ir ■ . r^r' 

I . ; c . .,-f ^ . ■ 



^.-epat at i.c^n s-:- tnat, at flow idtes greater t:i:an 1 :j ; ::ni./nr, 

^ ■ f - +■ 

LH'id ■:i':fiv::al m^jlecule transport intC' the throughpore? is dependent 
jii the 

vel'jcity of liguid passing through the bed, and sorp)tion cap)acity 
rem^ain s 
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substantially constant over a range of flowrates. 

CCOR: 
210/198.2 
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DC>CTJMENT-IE>ENTIFIER: US 5316680 A 

TITLE: Multimodal chromatographic separation media and process 
tor using same 



TTL: 

Multimodal chromatographic separatic^n media and prc-cess for using 
sam.e 

A pr^r'Cess f^^r (Carrying out in a consecutive fashion different 

TTi'ImH^^S c>f 

chrc-ma tC'graphi c sep-arat iijn in a 1 iquid chromatograp^ny cijiumn 
using a single 

set'aratic'n medium is diS'r.losed. Separation media fc-r use m such 
multimodal 

sep-arat: iC'US are alsci disclc-sed. 
BSE'R: 

may t-e p^'issible to use -I'-ii'mhi inat i^jns of differ^E'Ut sepai atio-n 
med i a i n 

uin::rent o:\-^jr\rs ir^r mul timodal separations. An example L^f this 
mul t ir)le 

■::cd umn tdmic-ial sep^^rati'Jn was described recently by Wheatley J. 
B., J. 

f:-nr 'jmaC'i-gr . , 603 (1 992) 27 3. The bim-^idal separatic^n jf small 
midecules in ■:r:e 

cjluirri p-acked with one separation medium and tiased c^n sequential 
mul timodal 

eluriijn was described by Little E. L., Jeansonne M. S., Foley J. 
F'.; Aj-:al 

CneiiL., 6:, 19^:^1, 33. They c<jmbined ion-exchange and reversed 
phase 

■i-hrL'-TiLatc-grap-hy tijr the sepiiaticri O't a complex sanirde ccritaining 
^v.^'j ■:^r':"^ups r^f 

r-jmr-: ;:nds : ::harged and nc'n-p)'j 1 aru The use c^f twij .Jifferent 
o r a-'i 1 -nt s , i.e. a 

y. - '''o '.ro I -^rr :d i ^ , re<^^M rt^-.i in the sep-aracicn 

^ .1. ' — — , f 11 v; r " "-n"' c-o-,^r^t 1 , ir, f t n c: noutrnl 
III' J 1 ^o^u i 0 3- at^'i r 

w I 1 1" n 1 1: t - r.r^Ov 'U^.i ii.oi^o.l ^ _.i 'f"' . ^ ^ ^r^r^r^^^a^^h m^^-'S us*^ of 

imrie r feet 

surfai'e funcLiijualu zarivjn ji lmjh^.^^ s : 1 i ':a h'jais ^^^h i r^h -rint.^ined 
\ .- ub, 1 , 

3.sut'.S or C.sub.lS groups t'j'jether with the original acinic 
sur ia-_:^- silan^ol 

group'S. Similarly, the DIO'lIEX OmniPark P7^3\-5no column is packed 
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with 

rrrn-porous poly [styrene-divinylbenzene] beads coated on the bead 
surface with 

attached i C'R-exchany t latex particles (as d.escribed by the DIONEX 
booklet ) . 

Here aqain, the coating of the bead surface is impierfect and it 
is the" 

nc-n-C'i'Vered hydrophobic areas of the original non-porous tieads 
that are used 

tor separati'jn in the second mode. This approach excdudes 
cov[±> i na t i C'ns TlO t 

involving the reversed phase mode (the original ST-L)VB surface 
remains 

n-:Ti-p'-:dar even aft^-r attachment of Latex particles) as well as 
any size 

e :-: c 1 u s i ■ n s e r- a r a 1 1 c^n . 
B.- E'F'.: 

This multimodal sep'aration process is able to achieve separati'jn 
in a single 

cjlumn in a cc-nsecut i ve o^perati'jn because of the prop.erties of 
tli-r ser^arat i ^o. 

m-:iium. The sep-aratiijn medium generally cc-m.prises c r)i^)r<:us 
riM ^ r i o 1 w^ i ■:-h has 

]j-'en ii^retrea tO'l so tnat ic nas at least lW'„' a±fiei'r..t ty_^r;c : f 
sur fa :'e gr-oups 

which have ^lifferent f unct ic^na 1 i t ies . These different surfa^i-e 
gr^-ups 5ire 

disp'jsed in different size range p'jres within the pijrc'us 
:uf:te r i a 1 . P:::re s i ze 

3iS use'l herein can mean a single measured average size, for 
exampde, lb nm, but 

IT: mc'St cases it means a particular range of sizes, for example, 
^■■■> nm. An 

example f surh a pjor^'ius mat.erial ot the present in\^enti'jn is one 
w:\^- r e 1 r. : nere 

are hydr^.r-hi 1 i c surface groupis in pntres having a siz^=- of fr(jm 
atC'Ut t'-^t nm ana 

hy ir cp'h'ilji surface group'S in p-c-res ranging in a size of from 
A^":. '-'.^ r -■x^mr 1- is a material :.avi:.g I'lyOL '_'foo^ ^ .p ... - : - 



the ditferent fun.:; t i'.inal i ties c^f tne ourf^i'e group-s, :^:_:^o;..— 

^ffinit. les to such dif'ferent sur fai:e grjups may be s-^pjarateil 
during di 1 1: erent 

modes of sep'arat i'jn, which may be carried out in a c i^nse zut ive 
foshir^n. As 
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used herein, different molecules means molecules of different 
sizes, (different 

i-h^mical affinities, different structures, cc^mposit ions , 
p'jlarit ies, 

-:;h i r a 1 i t i e 3 , a ii- 1 i vi t i e s , etc. 
DEPR: 

The key in selecting a mobile phase for a multimodal separatiion 
is the 

C'jnsecut ive use of mobile phases, in each individual mC'de, that 
do not 

inteifere with the absorption of compounds tc* be separated in any 

r-t' the 

c .^ij.: equent mc-des. iJtherwi se, the sep^arat ic^n will nc^t he 
multimodal and cne 

ariTiip of Cijmp'Ounds will leave the ccdumn withC'Ut any s^E-p^arat i-r^n, 
as 'i'jcumented 

in Example 6 and EIG. 7. Under this assumptic^n, even a mobile 
p^hase f'l-r 

trimodal separation is easily designed by a person skilled in the 
art: of liquid 
■:-nr':'mi tC'Crrap'tiV , 

P.eactiC'n Schemes 1-4 not -jnly descrit^e the p)articul:ir s^'L^; ui 
rt'acti'jns leading 

t-j multimodal sepiaraticai media but they also show the ::c>ncep'ts of 
m.ak.ing such 

m.e'llia in general. The starting polvT^er must hie pior^ius with 
relatively br.jad 

t'-jre size distir i t)Ut icTi an^l piijssess reactive qr^jupis on the surface 
-f the p-r-s. 

Typically, the p-jr-e-size selectivity c^f the mc'di f ic^t i'^T. 
r oii ::t i-jns ^.t o 

cjntrolled t-y tne mijleculai weight of the cat-.lyst ■ r roaqorX 
use:i in the 

r;7:rti -r-ul -.^ m.rMiifyina reacticTi and by the sodvent. The numkier of 
III \"..ioo 

:i : mjn'jd^^-fl in a sep-aration medium is theo-ret ically rv\o^ liniited 

\o. will rarely ^"'X:":e-d thr^^^-. Tlie m^jst ] mp>:^r La: ,. L o^ii .i. 

r-^i'"ti'jn stiatecry for pu e[.'a r lit i^-n r ^ mul txmodai iir. ... . 
I 1 ..;::t or.'- i ".o 

*.h- r)^th. The p^roduct of a given reacticin affectmcf pores Lid 
1 1 ven size 

s::'j ilu r-.-" offe.::t the urC'Ups al r eady kiuilt up in the p'revicais 
rea .:;ti on s tepi 

within p'C'res of a differcint size. 
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DEPP.: 

The multimodal separation process of the p^resent invention may 
even use very 

tiny differences t^etween the reparation modes as is the case with 
reversed 

phase and hydrophcibic interaction chromatc^graphy . The separation 
medium can be 

prepared by a set of reactions shown in Reaction Scheme 5. 

CCXF. : 
210/198.2 

ijRPT : 

Litr.lc, "Sequential Multimodal Elution for Pseudomul t idimensional 
L i qu i d 

Chr(?matography cin a Single Column," Arial . Chem., 63, (1991) pp. 
33-44 . 
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DOCUMENT-IDENTIFIER: US 5228989 A 
TI TLE : Per t usive chroma Lography 



E'EPR: 

Brijadly, in accordance with the invention, p'erfusion 
chromatography is 

practiced by passing fluids at velocities abc-ve a threshold level 
thrfMjgh a 

specially designed matrix characterized k'y a geometry which is 
t' imji'dal c-r 

multimodal with respect to its porosity. Perhap-s the mc>st 
fundament a 1 

ijr'S-r vat ion relevant to Che new prO'Cedure is that it is p'ossikde 
ll avctid bC'th 

the IC'SS of capjacity characteristic C'f convectic-n bound systems 
and the high 

rdate height, and bandspreading characteristics of diffusi'jn bc'und 
sys tems . 

This ::an lie a^r-CCimipl i shed k^y forcing chrciniatC'-irrap'hy fluids through 
a m.ar r ix 

•"-:vin'7 d cOt f larger pcres, such as ace defined k^y the 
1 nters"Ci':.:i es am^jng a 

b^d 'jf parr.icies, and which determine pressure driDp'S and fluid 
t 1 -I'W ve 1 oc i t ies 

tr.r^jugh the o^d, and a set of p^^res of smaller diameter, e.g., 
ar:i S'j t r'jpic 

thr^: ughp^jres . The smaller pores permeate the individual 
P'r.r tides and serve tc- 

dol i.ver chrcima t^igrapihy fluids k^y ccTivect ic^n to surface regions 
wi thin tne 

P'article interactive with the S'l-lutes in the ii'h r-jmatc^ar ap^hy 
fluid. 

L'E PF.: 

Pr"jiTL tne f ■jr^e":fij mg descr ipitiL'ii many of the basir engineering 
g^-'als tj oe 

i ^ - f abr i --^ - i r^r; of matrix mateiiils suitakde for the 

"r ' : "o ^ n ^ ■•-r. - r will k^e a::T;ar -jnt th^-e ^^'■:'iled i: 

: ro "i ■ ■ ' r k-, . r^'^ r ^::r. io-r. r'-^rn h f oar arihy is a matrix 
which will n-jt 

ra:h und'-L L'.<::Ssuro havin:i 5i kum-'^-^^l r rireferatd\* multimodal 
r-"ir^ structure 

and as large a surface area p^ei unit vi'lumiO as po'ssibie. Thn 
first and sec^jud 

P'.;u e oots whi ih give the m.aterial its kiimodal tliv; p)roperties 
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must have mean 

diameters relative to each other so as to permit convective flc'W 
thrC'Ugh both 

sets C'f pores at high V. sub. beds. The prevision of suhpores in 
the matrix is 

nc't required to coniiuct perfusion chromatography but is preferi-ed 
because of 

tne inherent increase in surface area per unit volume of matrix 
material such a 
construct i on provides . 

E)E?P.: 

In C'jntrast tc: the PL 4, 000 material, which, with respect to its 
po r e 

st ructure, is multimodal , a more ideal perfusive partiL:le juight 
C'jmiJi ise a 

tdurality of sezs of thrc-ughpores and subpc-res of differing mean 
di am.eters . A 

kdm-jdal pc're size distribution can be achieved in such particle 
by mixing equal 

rati^i'S of particles having two discrete pore sizes or by 
engm^^er ing this 

foao.'iro at. ^h^ pcd ymer ization sLage. Ideal ly, m*E an diam.eter 

thr'i'UCfhpij re sut)sets would t^e less than iO, tne m^-^in diciiiLetei 
rati'!' between the 

;^ma]]est:. throughpire sets and the subpores would be less than IC', 
and Lilc mean 

ai ameter ratic' kietween the first pore set, i.e., the intersticies 
a mill '^r the 

P'arti'::les making up the matrix, and the largest thriiughpiire 
suriset wijuld t-e 

less than 70, and rireferably less than SO. A multimodal material 
migh- z-o 

ti'ii-aucea oy a^jg bjmera t ing z-00 ,?J>iG. p^jr ons tji fijim appm^ix ima tely 
1 . m^i . IT. 

.-.lusters, whietn in turn are agglc^merated tC) f-irm 10 .mu.m 
a 7gr'-';[Bi tes , which in 

"irr. :ii5y br- a'lfg legated ti) form 100 .mu.m riart, icLes. In su^ili a 

ii ■i:";i^--ri vir-iid h^v^ i r: t^r s t icies c^f a mean 'j^am^rL^r 

a fo.v^ nun-ir ed .AN^^.. inise wl-uiu u^io.r^ tne .>^n^^i::._. e":-' 

surfa::e area. Diffusive transport witnin these port:s wu.^l'a 
r :i r -d / n i\'e t^i 

exieel Ei :iisten>-^^ of 0.5 .mu.m or 5,000 .ANG.. Interstiiies 
amrc-:i tne 1 .mu.m 

c].usters m.aking up th^^ 10 .mu.m aggregates would permit 

crei vec t i\^e flc^w ti feed 
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the diffusive pores. These would be on the order of 0.3 .mu.in in 
diameter . 

These throughpores , in turn would be fed by larger pores defined 
by 

intersticies among the 10 .mu.m particles making up the 100 .mu.m 
particles . 

These would have a mean diameter on the order of 35 .mu.m. 

CCOR: 
210/198 .2 
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DOCITMENT-IDENTIFIEP : US 5104530 A 

TITLE: Chromatography column with carbonaceous adsorbents from 
p yr cdyzed 

pol ysul f 'jnated pC'lymers 



ABE'L: 

Carbonace-jus adsork-ent particles having multimodal p'Ore size, 
iricluding 

micrfjpores and macropr.res, with improved adsorptive anii 
sep'ara t. i ve p^rc^pe rt ies , 

^re p^rer^areo; t-y partial pyrc'lysis of p^jlysu 1 f c^na ted macrc.p-orous 
P'lecurS'jr 

resins, saio resins tieing in turn derived trom macr^iporous 
p-:d y ( vinyl ar c-mat i c ) 

resins. The particles may be further treated by activating with 

reactive gases 

or by f unct iona 1 i zat i c-n . 

Br itish Patent N^:- 1,52 5,42 0, in a broad description of metnod for 
.sible var iijus P'or-r,us high molecular- weigno cojiip) „ 



1 u ding iTi a c r o p o r ' u 



ir:fu 
( i.n-: 

resins), ana tnen cal'::ining them, relates technigues fc^r 
P'j 1 ysui fb-nat ic^n 

eeir lier oieS'::r iijed by (2'jrte er al. amc^ng those suitatde fc^r 
c/rea ting 

i r: f us itd 1 i ty . N-j characterization data are given f-i^r tne pjolymer 
pri'or to 

ca b:' ina t i S'Ti . i'referr^;:d inf usitiili:,y reactants are sul fur 

r i x i de ; su 1 f u r i c 
boO'Ar cu .^ii 1 C' rV'Sul f :.n ] s a^'id. Thi- reference disc-fi'Ses p-yrolysis 



macr C'pi'jr jus resins treated with 15.^ fuming sulfuric acid and 
r^yr^d yze :i, anu 

^"i^^sc'r ibes an experimental methcid f'jr determining the pic-rcsity of 

:i.::::r:il ir-v/n o 2-^ ^'im . The results oescrii)ea lO L.n . 1 

sncw Lh-- ^bs-nce or any p'.-i 'jo ^o. y w ^. ,y ::.'^n ^ ' , : 

mul timodal 



p.-:' T'^s i t y is noz taught. In contrast, Neeiy m th^- jiL---d 
cote L enC'i'S r i i y :z.:i-jvj., 

the dovol :>rim^=^n^ r. f mi'r'rop'jr^jsity f^jr m-jn-jsul Ixmat ed macrL'P'ijrous 
res ins . 

Further, the British patent is silent atiout the p)r'j'::essing 
advantages obS'^^r ve :1 
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in p'yrolysis of polysulf onated resins. 
CLPF.: 

1. A chromatographic column packed v;ith the carbonaceous 
adsc-rbent particles 

which coinprise the product of controlled pyrijlysis of a 
pcdysul fonated 

macroporc'US crosslinked, vinylaromat ic polymer, the particles 
having multimodal 

P'Ore-size distribution and a minimum micropore volume of abC'Ut 

0 . 01 cm. sup . 3 

/a. 



4. A chrc^matographic column packed witn the carh»onaceous 
ads<>rtient p^art icles 

which compiiise the product of controlled pyrc)lysis C'f a 
P'jiysulf (jnated 

macrc'P'orcius crosslinked, vinylarc*mat ic polymer, the particles 
having multimodal 

r'C're-size dist r ibut i'jn and a minimum micropore volume of ab'jut 
0 . 0_ cm . supi . 2' 

^■7, wherein the p)articles are treated, subsequent to pyrolysis, 
\\ i " '"; afi^c.t r r)ah 1 e 
r eact ive agent . 

210/198.2 
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EKiCUMENT-IDENTIFIER: US 5071547 A 

TITLE: Column chrc>irLatographic cc'lumn apparatus with switching 
capabil ity 



EiEFR: 

The fluid ccTiduit assembly or means is comprised of conduit 
p iping connec t ing 

the dual cc'lumns, detector, multi-valve arrangement in a similar 
nianner to that 

'if FIG. 2 vvith three excep>t ic-ns . First, the fluid conduit 
is.renibly ir: additi'jn 

CL-nduits 1 lA thrc'ugh IIL as in FIG. 2, also has cc^nduits IIX 
•:.h rough 112 and 

IIZ'. 3ecc>nd, there are two valves present in what concefDtual ly 
can be 

referred t.-. as each valve set 12A and 12B of FIG. 2. The third 
excep't ion i s 

the preseTi':e of an additional valve 42 that isolates the deteir.tcir 
fr':m the 

}j lO:' u r e or r2ne DCC Apf^aratus Althougli valves i2iv and I2v i^an tte 
dZod as 

reincf incn--- vaiv^; set ijl^-^ uL i ^ aixi.i Vli^^^o^z 1_"vM. 5^nii 1 ._ "c l i 
i: e indic: at'.;-d 

as t'Oing ir: the valve set 12E of FIG, 2, thes^:- valves miay exist 
w 1 t r: 

independent identity from these valve sets. In other words these 
valves may be 

just aplur-ility of valves with-jut valves 12iv and 12v as well as 
tne tW': valves 

l.ovi an:i Itvii p'orfcrm the sam^ functi'jn as valves sets 12A and 
12E, 

r =-r ^?:-c i ve ' y . Valve 4z. is any multi-p^.^rt and multimodal valv*? 
^r.cwn t'j ti'.cse 

skilled in the art as are valves 12 iv through 12vii, and valvtr 42 
L ..:i n oe 

'I--:: ns 1 aered a part 'j f the multi-valve arrangement 12. A.s wi'r.h the 
■ Ar r a *: 

t r i O . 1 / T n a 0 U r .l ' ^ , lidc. -r* a. C 1 1 V a i W ^ C Ti o U ^ OO^ ^ ■[:.0 ^ ^ \ 



ao:" L .^a t in>j .:;'„'iU"iect I'jix i'jA as valves 1 2 1'-'- I v 1 1 anc: 'i^; ^i^: 
"■ nr..: --'i 

C'jnnect b:)n:-- I4J, 14?;, 14h, 14M, and 1411, respectively. Valves 
r ^ j_ V cin 1 l.:.'v ar>E- 

■i-r.nected t-rgether fc^r pressurized fluid passage tietween them by 
cenduit IIX, 
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and in a similar manner valves 12vi and 12vii are connected by 
conduit IIY. 

CCOR: 
210/198.2 
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DOCUMENT- IDENTIFIER: US 5019270 A 
T I TLE : Per f usive chr-Dmatc-graphy 



E'EPR: 

Br-jadly, in accordance with the invention, perfusion 
chr C'luatography is 

practiced by passing fluids at velocities above a threshold level 
thrL'Ugh a 

specially designed matrix characterized by a geometry which is 
tamijdal or 

multimodal with respect tc^ its porcisity. Perhap'S the mc^st 
fundamental 

oii'servat iC'n relevant to the new procedure is that it is p'ossitile 
to avijid bc'th 

the IC'SS of capacity characteristic of C'jnvectiC'n bound systems 
3n-:i the high 

pdate height an^i jC'andspreadin'j character isti^r.s of diffusic^n bc'und 
5 ys r ems . 

This can t-? licC'jmpd. i shed by forcing chromatc-grapihy fluids thrc^ugh 
a riia tri x 

h^ivin^ :i set of larger p'^^reSf such as are defined by the 
1 n t e r s t i c i o s am^ jng a 

ted of piarticles, an^i which determine p^ressure drops and fluid 
f 1 jw ve I'l c i t i es 

tnrjugn the ood^ and a set of pores c^f smaller diameter, e.g., 
an is'jtrc'pdc 

t hr.jughp'jres . The smaller- pores permeate the individual 
particles and serve tC' 

deliver chrc^matL-jgrapTiy fluids by c-iTivection ts- surface regions 
1 1. tl 1 Ti 0 n o 

p3ir:.icle interactive with the scdutes in the chr^jmat oarap'hy 
fluid. 

^ E ' 

Broil: cne f'.ueg'jing li-u ci ip^t i c^n many if the ha^ic engine-ring 
g^: als to be 

r ■ ■ r"-^-^i-^'-^ ^ ^- fabricati.iU ot matrix materials suitable f^jr the 

r^r a -t, L'.::e 'jf 

^ ^ ^ ' ^ ■ ■* ^ '"'m =1 "t oa rurli V will be ai:'p -n ^ t (■» ^hose skilleJ in the 

' ' i m'^t-j.-p nerfnsu"in ch rem a tijar apliy is a matrix 

wnie^h will U'jL 

'^.■..:h unl"u~ pr-cuu'ure ha^^^.ng ^ bim(-)dal ''r ri re f erahd y multimodal 
r Tire structure: 

and as larcf^' a surface diea per unit volume as p'js^ibl^. The 
first and second 

pore sets v/hich give the material its hiimijdal fl^av; properLies 
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must have mean 

diameters relative to each other so as to permit convective flow 
thrC'Ugh bc^th 

dets of p'C.res at high V, sub. beds. The prc-vision of subpores in 
the matrix is 

nC'L required to conduct perfusion chromatography but is preferred 
because of. 

the inherent increase in surface area per unit volume of matrix 

m.ater ial such a 

cijns truct ion provides . 

In cc'ntrast to the PL 4, 000 material, which, with respiect to its 
F'ore 

strU'?ture, is multimodal , a mc-re ideal cierfusive p^arti'::!^ might 
Ctjmpr ise a 

plurality ot sets c-f throughp'jres and subpijres of differing mean 
diameters. A 

bimodal pore size distribution can t)e achieved in such particle 
by mixing equal 

rati'js C'f particles having two discrete pore sizes or by 
engi nee ring this 

feature at Lh^ pcd ymer ization stage. Ideally, m.ean diam.eter 
r 'it i ■ I ■ r ' ^ r ^'.^ ^ Ti 

triT'jagnp'L're subsets W'julo r>e less than bj, th^^ m^-^zin dicim'-t'-i 
rati': loetween the 

smallest thrcnjghpio re sets and the subpc^res would r-e less than 20, 
am the mean 

diameter ratiC' between the first p'jre set, i.e., the intersticres 
an^iiTig the 

P'^rticles making up the matrix, and the largest throughpijre 
subset W'jub:! t^e 

less than 70, and pireferably less than ^'0. A multimodal material 
might h^e 

P'rcd.uced h'y aggbjmerat ing oOO .AMC-J, por cins tc- fcirm app^r^jx i_m.a tely 
1 . mu . m 

■idusters, which in tur^n ^re agglomerated tci form 10 .mu.m 
^■.jgr egar e^ , wnii:li in 

turn may l^e aggregated to f'jrm lOu .mu.m piarticies. In .fU'::ii a 
.:uu. m -idusters wc-ulo nive mt'^'r stici^s 'ji a mean a± cimr' r r: i ^n 



sun icice ai^z^a. bittusive transp-i^r t wi tnin tht se p^^i-s w^' il'j 

exceed a 'listance of 0,5 .mu.m c-r 5,000 .ANG.. inters ti ::ies 
amcii',! tht; 1 .:uu.m 

idusters making up) the 10 .mu.m aggregates wc'Uld p-ermit 
co.'nvective flow to feed 
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the diffusive pores. These would be on the order of 0.3 .mu.m in 
diameter . 

These throughpores , in turn would be fed by larger pores defined 

^ J 

intersticies among the 10 .mu.m particles making up the 100 .mu.m 
particles . 

These would have a mean diameter on the order of 35 .mu.m. 

CCXR: 
210/198.2 
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